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Welcome to Guided Flight Discovery 


Guided Flight Discovery is a new concept in pilot training designed to make your pro- 
fessional training exciting and enjoyable. This revolutionary system is comprehensive, 
application-oriented, and it leads you logically through essential aeronautical knowl- 
edge areas. The program exposes you to a variety of useful, interesting information 
which will enhance and expand your understanding of the professional world of avia- 
tion. 


While each element of the Guided Flight Discovery Pilot Training System may be used 
separately, the effectiveness of the materials can be maximized by using all of the indi- 
vidual components in a systems approach. To help you efficiently organize your studies 
and get the most out of your training, Guided Flight Discovery incorporates cross-refer- 
ences which are used to direct you to related Guided Flight Discovery study materials. 
The main components of the Instrument/Commercial Program are described below. 


Instrument /Commercial Manual 


The Instrument/Commercial Manual is your primary source for initial study and review. 
The text contains complete and concise explanations of the advanced concepts and ideas 
that every professional pilot needs to know. The subjects are organized in a logical manner 
to build upon previously introduced topics. Subjects are often expanded upon through the 
use of Discovery Insets which are strategically placed throughout the chapters. 
Periodically, human factors principles are presented in Human Factors Insets to help you 
understand how your mind and body function while you fly. Throughout the manual, con- 
cepts which directly relate to FAA test questions are highlighted by FAA Question Insets. 
Additionally, you can evaluate your understanding of material introduced in a particular 
section by completing the associated review questions. Finally, Chapter 14 — Commercial 
Maneuvers uses colorful graphics and step-by-step procedure descriptions to help you 
visualize and understand each maneuver. Performance standards from the Commercial 
PTS also are included. A more detailed explanation of the text and how to use its unique 
features is contained in the Preface starting on page vii. 


Instrument/Commercial Syllabus 


The syllabus permits concurrent or separate enrollments in the instrument rating 
course and the commercial pilot certification course. The instrument segment provides 
a variety of training options for operators and students including a PC-based aviation 
training device (PCATD), a flight training device (FTD), and the airplane. The commer- 
cial segment includes single-engine complex and multi-engine airplane training. 
Ground and flight lessons are coordinated to ensure that your training progresses 
smoothly and you are consistently introduced to topics during ground training prior to 
application in the airplane. 


IN INSTRUMENT/COMMERGIAL MANUAL INTRODUCTION 
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Support Materials 
A variety of support materials are available to further enhance your understanding of 
subject matter for professional pilot training. A brief description of these resources is 
provided below. 


Instrument Rating and Commercial Pilot Airmen 
Knowledge Study Guides 


These valuable study tools provide you with all the FAA questions which may be 
included on the Instrument Rating and Commercial Pilot computerized test. Answers 
and explanations for each question are provided to allow you to instantly check your 
understanding of required material. 


Instrument and Commercial Pilot Test 
Preparation Software 


The test preparation software contains the same information as the Instrument Rating 
and Commercial Pilot Study Guides with the added features of question search, simu- 
lated test taking, and performance tracking. Cross-references to Jeppesen Sanderson and 
FAA material are also included for every question. 


Flight School Support Materials 


Flight schools which use the Guided Flight Discovery Pilot Training System may pro- 
vide a variety of additional resources and instructional support materials. Designed 
specifically to provide you with a well administered, quality training program, Guided 
Flight Discovery fight school support materials help foster an environment which maxi- 
mizes your potential for understanding and comprehension on your way to becoming a 
professional pilot. Some of these resources are described below. 


Instrument/Commercial Videos 


The Instrument/Commercial videos present instrument concepts, airplane systems, and 
commercial maneuvers. The dynamic videos use state-of-the-art graphics and animation, as 
well as dramatic aerial photography to help easily explain complex ideas. 


PC-Based Aviation Training Device (PCATD) 


Flight schools may also provide access to Jeppesen Sanderson’s PC-based aviation train- 
ing device. The PCATD is designed specifically for instrument training and skill 


enhancement, and can be a great tool for giving you a head start on certain instrument 
maneuvers and procedures. 


Instructors Guide 


The Instructors Guide is available for use by flight instructors and flight school opera- 
tors. The Instrument/Commercial Insert for the Instructors Guide helps flight training 
professionals effectively implement the Guided Flight Discovery advanced courses. 
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Preface 


The purpose of the Instrument/Commercial Manual is to provide you with the most 
complete explanations of aeronautical concepts for professional pilots through the use of 
colorful illustrations, full-color photos, and a variety of innovative design techniques. 
The Instrument/Commercial Manual and other Guided Flight Discovery materials are 
closely coordinated to make learning fun and effective. To help you organize your study, 
the Instrument/Commercial Manual is divided into four parts: 


Part | — Discovering New Horizons 


The information needed to begin your professional pilot journey is introduced in this 
part. The first chapter, Building Professional Experience, answers many of your ques- 
tions about the training process and introduces advanced human factor concepts. 
Principles of Instrument Flight, Chapter 2, is the foundation for becoming an instrument- 
rated pilot. Chapter 3 — The Flight Environment introduces air traffic control for instru- 
ment flight and emphasizes ATC clearances. 


Part Il — Instrument Charts and Procedures 


Chapters 4 through 7 of Part II provide a broad introduction to instrument charts in the 
same sequence of use as an instrument flight — departure, enroute, arrival, and 
approach. Procedural sections follow each chart presentation topic so you are immedi- 
ately exposed to operational factors that require interpretation of IFR chart symbology 
and other cartographic features. Chapter 8 — Instrument Approaches combine approach 
chart formats with an operationally oriented narrative designed to show you how to pre- 
cisely fly various types of instrument procedures. 


Part Ill — Aviation Weather and IFR Flight 
Operations 


In Part II, you will become familiar with aviation weather from the perspective of con- 
ducting IFR flight operations. In Chapter 9 — Meteorology you will learn how to mini- 
mize your exposure to hazardous weather phenomena by using weather reports, 
forecasts, and charts in the planning phase. Chapter 10 — IFR Flight Consideration pro- 
vides a framework for coping with the complex options presented by IFR flight opera- 
tion, including emergencies. 


Part IV — Commercial Pilot Operations 


Specialized information for commercial pilots characterizes the content of Part IV. 
Chapter 11 — Advanced Systems provides operational insight for complex and high per- 
formance aircraft. Chapter 12 — Aerodynamics and Performance Limitations helps you 
define the flight envelope and prepares you for predicting performance and controlling 
weight and balance as you move up to higher performance aircraft. Chapter 13 and 14 — 
Commercial Flight Considerations and Commercial Maneuvers conclude this part with 
in-depth analyses of emergency procedures, commercial decision making, and perfor- 
mance of precision flight maneuvers. 
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Using the Manual 


The Instrument/Commercial Manual is structured to highlight important topics and concepts and 
promote an effective and efficient study/review method of learning. To get the most out of your 
manual, as well as the entire Guided Flight Discovery Pilot Training System, you may find it bene- 
ficial to review the major design elements incorporated in this text. 
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A new era in aviation began in 1929 when Jimmy 
Doolittle flew for the first time from takeoff to 
landing solely by reference to the flight instru- 
ments. Doolittle expanded aviation's horizons 
with his accomplishments and you will continue 
to benefit from his efforts as vou embark on train- 
ing for an instrument rating or a commercial cer- 
tificate. Your own new horizons lay ahead as you 
increase your knowledge of flight operations, 
master new skills, and discaver unique facets of 
your role as pilot in command. You begin in 
Chapter 1 by exploring instrument and commer- 
cial training and the opportunities available to 
you as you gain professional experience. You also 
will be introduced to human factors concepts that 
are essential to operating safely in the instru- 
ment/commercial environment. As you delve into 
Chapter 2, you will gain an understanding of 
flight instrument systems, as well as examine the 
principles of attitude instrument flying and 
instrument navigation. Chapter 3 provides a 
review of the flight environment and offers new 
insight into ATC services and clearances 


Learning Objectives 


Learning objectives are provided at the 
beginning of each part to help you focus on 
important concepts. 


CHAPTER 3 


THE FLIGHT 
ENVIRONMENT 


SECTUON Ala we «= sine cee wale cates 3-1 


AIRPORTS, AIRSPACE, AND FLIGHT 
INFORMATION 


SECTION @ sac eS eae a aa 3-41 
AIR TRAFFIC CONTROL SYSTEM 


SECTION cape s e ee ae aa 3-54 
ATC CLEARANCES 


Instrument/Commercial 
Part I, Chapter 3 — The Flight Environment 


Cross-Reference Icon 

A cross-reference icon is included at the 
beginning of each chapter to direct you to the 
corresponding video which supports and 
expands on introduced concepts and ideas. 


CHAPTER 2 


Several important values are not marked on the air- 
speed indicator. During gusty or turbulent condi- 


maneuvering speed, Va, to ensure the load factor is 


PRINCIPLES OF INSTRUMENT FLIGHT 


value not shown by the color coding of an air- 


tions, you should slow the aircraft below the design @ Design maneuvering speed Is one Important 


within safe limits, At or below V4, the airplane will 


stall before exc 


ve G-forces can occur, Design 
sd, which decreases witb the total 


speed indicator [Figure 2-21) It you encounter 
severe turbulence during an IFR flight, siow the airplane 
below this speed. This decreases the amount of excess 


maneuvering spi 
weight of the aircraft, appears in your POH or on a 
placard. Vig, the maximum speed with the landing 
gear extended on a retractable gear airplane, and Vio, the maximum speed for extending or 
retracting the landing gear, also appear in the POH but not on the airspeed indicator 


Joad that can be imposed on the wing, 


INSTRUMENT CHECK 

Unless the airplane is facing into a strong wind, the airspeed indicator should read zero 
before you taxi. If it indicates some value due to wind, verify the indicator drops lo zero 
when you turn the airplane away from the wind. As you accelerate during the takeoff rall, 
make sure the airspeed indicator comes alive and increases at an appropriate rate. If not, 
discontinue the takeoff 


ALTIMETER 

An altimeter is required for both VFR and IFR flight, For IFR, you need a sensitiva 
altimeter. adjustable for barometric pressure. Obviously an accurate altimeter is ossen- 
tial when you are operating in IFR conditions, In addition to helping you maintain ter- 
rain clearance, minimum IFR altitudes, and separation from other aircraft, the altimoter 
helps you maintain aircraft control. An understanding of the operation and limitations 


Full-Color Graphics 


of the altimeter will enable you to interpret its indications correctly, [Figure 2 221 


ANEROID WAFERS 
The main component of the altimeter Is a stack of 
sealed aneroid wafers that expand and contract 
as atmosphere pressure tom the state source 

Changes A mechanical linkage translates these 
Changes into pointer movements on the indicator. 


100 ft Pointer 


Static Port 


ALTITUDE INDICATION SCALE 

The allimeter reads hike a clock, with 
the small hand indicabng thousands 
of feel and the ange hand indicating 
hundreds of feet. 


ALTIMETER 
SETTING WINDOW 
When the setting on 
an altimeter is changed, 
the indication changes 
in the same direction by 
approximately 1,000 teet 
for each inch of pressure 


1.000 ft Pointer 


CROSS HATCH FLAG 


on some allimeters when 
displaying an alttude below 
10,000 feet MSL. 


Figure 2-22. This alvmeter indicates 2,800 feet MSL The barometnc 


scale in the window 1s at 29 92 inches of mercury (in Hg 


Albmater Setting 
Adjustment Knob 


ability to accurately read and adjust the 


a Now that you wili be flying under IFR, your 
altimeter is far more important than ft was 


under VFR. See Figure 2-22, 


FAA Question Insets 


Information which relates directly to FAA 
test questions appears in tan insets. In addi- 
tion to highlighting important concepts, the 
‘AA Question Insets provide a good review 
l when preparing for the Instrument and 


mmercial computerized tests. 


Human Element Insets 
Human Element Insets are presented in 
Chapter 2 through Chapter 13 to introduce 
the human factors aspect of flight. The top- 
ics, which can range from physiology to 
Jecision making, are presented with 
hasis on flight related applications. 


< 


A cross-hatched area appears 


The full-color graphics used throughout 
the text are carefully designed to make dif- 
ficult concepts easy to understand. 


ARRIVAL CHARTS 
choral age E 
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SECTION A 


scription, and these charts are filed with the airport's approach charts. NOS includes 
STARs at the front of each Terminal Procedures Publication regional booklet. 


To illustrate how STARs can be used to simplify a complex clearance and reduce fre- 
quency congestion, consider the following arrival clearance issued to a pilot Aying ta 
Seattle, Washington. “Cessna 32G. cleared to the Seattle/Tacoma International Airport 
as filed. Maintain 12,000. At the Ephrata VOR intercept the 221° radial to CHINS 
Intersection. Intercept the 284° of the Yakima VOR to SNOMY Intersection. Cross 
SNOMY at 10.000. Continue via the Yakima 281° radial to AUBRN Intersection. Expect 
radar vectors to the final approach course.” 


Now consider how this same clearance is issued when a STAR exists for this terminal area. 
"Cessna 32G, cleared to Seattle/Tacoma International Airport as filed, then CHINS TWO 
ARRIVAL, Ephrata Transition, Maintain 
10,000 feet.” A shorter transmission conveys 
the same information. A transition is one of 
several routes that bring traffic from different 
directions into one STAR. 


» | STARS are established to simplify 
clearance delivery r 
= ú 
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AIRPORTS, AIRSPACE, AND FLIGHT INFORMATION SECTION A 


Runways used for instrument operations 


ave additional markings. A nonprecision ; 

bave a BAE E E L | As shown in figure 3-1, touchdown zone 
instrument runway is used wi 5 RD ane ‘ate located 500 feat from the 
ment approach that does not have an elec- tegen a the A yy. Aiming point 
tronic glide slope for approach glide path _ markings are 500 feet beyond the louch- 


information. This type of runway has the down zone markings. x 
visual runway markings, plus the thresh- 
old and aiming point markings 


Discovery Insets 


D An Airport Project That Didn't Stay Afloat Discovery Insets are included throughout 
a a E ETE the text beginning with Chapter 2 to expand 
air travel successful, Edward Armstrong, an engineer, had an idea to construct seadromes — floating auports strung across the ocean, on ideas and concepts presented in the 


Armstrong designed a structure which consisted of a deck, approximately 1 500 feet long and 300 feet wide, placed on 28 steel columns, 


each 170 feet long. The seadrome was designed to float with the airfield deck 70 feet above the water's surface. A buoyancy chamber accompanying material : The in formation 
would be built into each column 100 feet below the deck, and 60 feet below thal would be a ballast chamber filled with ron ore. The sea- 

at in i WU! anchor, This system reduced the s G . 
Josette youl Nar ten E cgiaive ator we COLA IEE Valls oaierie ale presented in each Discovery Inset varies, but 


to swing about into the wind. Propellers would allow the seadrome to maneuver while anchored and to navigate in an emergency. is designed to enhance your understanding 


Beneath the deck of the seadrome, Amstrong envisioned hangars, which wouid use a large elevator to transport aipianes to and from 


the fhght deck. In additon, there were plans for repair shops, a radio station, and @ hotel. The 50-room hotel would feature a gymnasium, of the world of aviation. Examples include 
swimming pool, miniature gotf course, billard room, movie theater, bowling alley, and several tennis courts. 4 P f t 
The ssacrome project had enthusas approval from famous aviators such as Chartes Lindbergh Howove, was diecoinued by the references to National Transportation Safety 


U.S. govemment when concem arose about the difficulty of maintaining adequate protection of seadromes built over intematonal waters. 


Board investigations, aviation history, and 
thought-provoking questions and answers. 


Radio Beacon Transmitter 


Promenade 
and Staterooms. 


Aircraft Hangar 
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Buoyancy 
Chamber 

Figure 1-15. FAR Parts 


121, 125, and 135 govem 
operations ranging from 
scheduled air carriers to 
on-demand charters 


Common Carriage ts any operahon for compensation or hire 
In which the operator holds itself out, by advertising or any 
other means, as willing to fumish transportation for any 
member of the public. Pnvate camiage does not mvolve 
holding out 


compensation or hire which is one of the following. 


a passenger-carrying public charter where the 

depariure time and focation, as well as the arnval = 
location are specifically negotiated with the customer. Flag Operation is any scheduled 
operation to any point outside the 
U.S. conducted in a turbojet- 
powered airplane or an airplane 
whch has a passenger-seal 


iconfiguration of more than 9 seats 


a common-carriage Operation using an aurplane 
(including turbojet-powered) having a passenger-seat 
conliguration of 30 seats or less and a paytoad 
capacity of 7,500 pounds or less 


a private carnage operation conducted with an 
aplané having a passenger-seat configuration of 
less than 20 seats or a payload capacity of less than 


Color Photographs ae 


Color photographs are included to enhance Š ond rps per ack Conic Ce we 
learning and improve understanding, 


powered airplane with a maximum of 9 passenger 
seats and a maximum payload capacity of 7,500 
pounds 


Commyter Operation is any scheduled operation conducted in a 
nonturbojet-powered airplane having a maximum Passenger-seal 
configuration of 9 seals or less and a maximum Payload capacity of 7,500 
pounds or less. A commuter operation must be scheduled wih a 
frequency of at least 5 round trips per week on at least 1 route according 
to published flight schedules 


a cargo operation conducted with an airplane 
having a payload capacity of 7,500 pounds or less, 
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ELECTRONIC FLIGHT PUBLICATIONS 

You can access a variety of flight information by using a modem- -equipped personal 
computer and the appropriate software or Internet service. The government uses el 
tronic bulletin boards and world wide 
web sites to make flight publications and 
information updates more readily acces 
sible to the general aviation community 
For example. the FAA Honie Page con- 
tains information on various aviation 
subjects and links to other home pages 
such as FedWorid Information Network 
Through FedWorld, you ca 
order government public 
advisory circulars, FAR 
standards, and the Fe 
[Figure 3-28] 


Figure 3-28. You can access the FAA Home 
Page at http:/www.taa.gov 


i Summary Checklists 
touch Summary Checklists are included at the 
; end of each section to help you identify and 
review the major points introduced in the 
a. section. 


anh aie UTE AND AREA CHARTS - SECTION a 
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KEY TERMS 


Low Altitude Enroute Charts 
Victor Airways 

High Altitude Enroute Charts 
Jet Routes 

Mileago Break Point 
Iitersections 

Noncomputsory Reporting Point 


Compulsory Reporting Point 


Key Terms 


For ease of recognition and quick review, į 
key terms are highlighted in red type when 
they are first introduced and defined. A list 
‘of key terms is included at the end of each 
section. 


Mininiiim Coreute Altitude (MEA) 

Minimum Obstruction Clearance Altitude [MOCA] 
Masnnum Authorized Altitude (MAA) 

Minimum Reception Altitude (MRA) 

Minimum Crossing Altitude (MCA) 

Changeover Point (COP) 


Remote Communications Outlet (RCO) 


Artu Charts 
1. True/False, Low altitude enroute charts generally depict localizars that have 


only approach functions. 


Match the following navaid symbols with the appropriate facility names. 


2. NDB ! 

3, TACAN A. © 

4. Localizer rh £ 
s E g 

. VORTAC a 


6. VOR , 


Questions 
Questions are provided at the end of each 
section beginning with Chapter 2 to help 
you evaluate your understanding of the 
concepts which were presented in the 
accompanying section. Several question 
formats are provided including completion, 
matching, true/false, and essay. Perforated 
answer sheets, which are organized by 
chapter, are included at the back of the text. 
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DISCOVERING 
NEW HORIZONS 


Flying r by insiruments soon outgrew the early experimental phase. It 


Her (JIE Oh PPA te al reality, and aviation entert Ti GO APW erd J Was erat 
ful for the opportunity to participate in the initial experiments. This 
vrk was, I believi HIY MOSI signifie anti ontribution te aviation 


— James H. “Jimmy” Doolittle 
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A new era in aviation began in 1929 when Jimmy 
Doolittle flew for the first time from takeoff to 
landing solely by reference to the flight instru- 
ments. Doolittle expanded aviation’s horizons 
with his accomplishments and you will continue 
to benefit from his efforts as you embark on train- 
ing for an instrument rating or a commercial cer- 
tificate. Your own new horizons lay ahead as you 
increase your knowledge of flight operations, 
master new skills, and discover unique facets of 
your role as pilot in command. You begin in 
Chapter 1 by exploring instrument and commer- 
cial training and the opportunities available to 
you as you gain professional experience. You also 
will be introduced to human factors concepts that 
are essential to operating safely in the instru- 
ment/commercial environment. As you delve into 
Chapter 2, you will gain an understanding of 
flight instrument systems, as well as examine the 
principles of attitude instrument flying and 
instrument navigation. Chapter 3 provides a 
review of the flight environment and offers new 
insight into ATC services and clearances. 


CHAPTER 


BUILDING 
PROFESSIONAL 
EXPERIENCE 


SECTION A 2. anc te ew tw we ww st 
INSTRUMENT/GOMMERCGIAL TRAINING 
AND OPPORTUNITIES 


Sree GIN (Bs es ee ce a ee 1-30 
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If I have seen further it is by standing upon the shoulders of Giants. 
— Sir Issac Newton 


I believe that simple flight at least is possible to man and the experiments and investigations 
of a large number of independent workers will result in the accumulation of information 
and knowledge and skill which will finally lead to accomplished flight . . . I wish to avail 
myself of all that is already known and then if possible add my mite to help on the future 
worker who will attain final success. 


— Wilbur Wright 
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The future is constructed by pioneers who build upon the knowledge of those who came 
before. Sir Issac Newton discovered basic principles of motion. Wilbur and Orville 
Wright used those principles to construct a flying machine. To design innovative aircraft, 
create revolutionary technology, and discover new flying techniques each aviation pio- 
neer sees further by standing on the shoulders of such giants as Leonardo daVinci, Otto 
Lilienthal, the Wright Brothers, and Charles Lindbergh. 


As you begin training to earn an instrument rating or commercial pilot certificate, you 
are poised to take full advantage of the wisdom of those who have blazed the aviation 
trail. Continue to follow their flight path, and build upon the knowledge and skills that 
you have already gained as a pilot. Look back into aviation history and then direct your 
gaze forward to your future. It is time now for you to see further. 


i 
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pata 1AA aS 
January 1, 1914 — The first scheduled passen gaia irline in tl H United States is 
born. The fare for the trip from Tampa to St. Petersburg, Florida is five,dollars. 


“~ 4 


May 15, 1918 — The first standard airmail 
route in the United States is established 
between New York City and Washington, D.C. 


July 1, 1927 — Having successfully 
bid for the transcontinental airmail 
route from Chicago to San 

Francisco, the Boeing Airplane 
Company begins service flying the 
B-40, anew Boeing-produced air- 
plane powered by the latest air- 
cooled Pratt and Whitney 
400-horsepower Wasp radial engines. 


. oe Te Technsiogies A 
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1928 — Erwin A. Link develops the Link Trainer flight simu- 
lator as a means of providing affordable flight training to 
pilots without ever leaving the ground. 


September 24, 1929 — Jimmy Doolittle makes the first totally blind flight 
from takeoff to landing in the NY-2 Husky biplane. 


a ilot, R operated de-icing equipm i a varile! Dh pro- 
peller, and retractable landing gear. With 7 stops, the Model 247 completes ~ 
the trip between New York and Los Angeles in 20 hours, 7 1/2 hours less 
1-4 than the best previous airliner time. Ra. 
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1934 — Elrey B. Jeppesen begins publish- 
"Š ing the first airway manuals which pro- 
“ at vide pilots with valuable navigation 
a information, airport elevations, 
heights of obstructions, and runway 
lengths. Each manual sells for ten 
dollars. 


March 15, 1935 — Wiley Post is the first pilot to take 
advantage of the high winds of the jet stream. Wearing a 
pressure suit he designed with BFGoodrich, Post covers 
2,035 miles in his Lockheed Vega, the Winnie Mae at an 
average groundspeed of 279 miles per hour, 100 miles per 


hour faster than the airplane’s normal speed. 
Courtesy of United Technologies Archive 


December 1, 1935 — The first air traffic con- 
trol center is established at Newark, New 
Jersey. Initially run by the airlines, less than a 
year later the Bureau of Air Commerce arranges to 
take over air traffic control. 
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July, 1949 — Beginning a new era in commercial aviation, the world’s first jet airliner, the 
deHavilland Comet takes its maiden flight. In 1952, the Comet enters service with the British 
Overseas Airways Corporation but tragically, in 1954, two Comets are ripped apart in mid-air due to 
explosive decompression. All of the aircraft are grounded. 


Fea Se REE ERIC Aa PS ton 
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1955 — The Boeing 707, the first jet airliner built in the U i ed by 
Pan American for passenger service beginning in 1958., Ph 07 Bental 
travel time almost in half, ™ A. 


People thought we were crazy. —, 


gard ine the first 
order of B-707s f 


August 23, 1958 — Prompted by recent midair 
collisions, the Federal Aviation Act is 
passed. This action creates the Federal 
Aviation Agency, an independent gov- 
ernment organization which has the 
sole responsibility for developing and maintaining a common 
civil-military system of air navigation and air traffic control. 
In 1966, the agency becomes the Federal Aviation 
Administration within the Department of Transportation. 
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February 9, 1969 — The first jumbo 
jet, the Boeing 747 takes to the air 
for the first time, opening up the 
world to the traveling masses. The 
original B-747 is 225 feet long, has a 
tail as tall as a 6-story building, and 
can carry 3,400 pieces of baggage in 
its cargo hold. The airplane con- 
tains a ton of air when pressurized. 


October 1, 1969 — On its 45th 

test flight, the French-assem- 
bled Concorde prototype 001 
exceeds Mach 1 for the first time. It 
holds Mach 1.05 for 9 minutes at an alti- 
tude of 36,000 feet. 


- - ; f 1978 — The Airline Deregulation Act fregs airlines to 
compete.on routes, pricing, and.service. 


1993 — The global positioning system (GPS) 
reaches initial operational capability with a 
full constellation of 24 satellites. 


Wear? 
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ee a Early airmail planes were not equipped with the proper instruments and navigation equip- 
of time we became ment to allow pilots to safely fly in clouds or low visibility conditions and weather infor- 
confused and fell. We mation often was unavailable. Of the first 40 airmen hired to fly the mail, 31 were killed. A 
triad things lika Pons record of this natureswasinot likely totaidsinthe development of a reliable, safe air trans- 
on the end of a string. | i : i ; i E ae 
rémember.one fellow portation system. As a result, numerous efforts were made toimprove.the ability: ofjaitmail 
even had a half-full pilots to reach their destinations, day or night, durmg a wide variety of weather conditions. 
milk bottle that he i i 4 af í : E £ B f 

thought he could use In 1927, the U.S. government began installing the firsttadio navigation System, the 
ose LF/MF four-course radio ranges. Thisyarrangement of multiple radio-beacon; allowed 
worked. aa bk four courses, called ranges, to be tratismitted from one facility. To intercept and follow 
pretty well convinced these ranges, pilots listened to the signals on headsets or speakers. The volume of the 
pir you one Gi Sa radio signal and whether it was a constant hum or series of Morse gode dots-and dashes 
on pig lke enabled pilots fo detgrminé.whether they wer€approa@hiag or Ieaying a station and 
all learned war lò whether they were on the beam. [Figure 1-1] However, this system not allow pilots 
eR to fly safely in the clouds. Flying blind with precision required far møre sophisticated 


got so that we Count instruments than any that existed through the 1920s. 
climb up through 


feel, e : é ‘ : 5 
pe cir eaten ae In 1928, the Daniel Guggenheim Fund for the Promotion of Aeronautics installed a Full 


the wind-on our Flight Laboratory at Mitchell Field on Long Island. Jimmy Doolittle was assigned to the 
cheeks, and things hike program and given the task of solving the problems inherent in flying solely by instrument 
that. Eventually, even reference, or flying blind. He enlisted the help of Elmer A. Sperry, founder of the Sperry 


then, we would get indi é : 4 
cau pean ro Gyroscope Company, who had harnessed the principles of gyros to build flight instruments. 


plane would stall and 
spin down. é x oy ‘ Nor Se 


pe 


— Dean Smith, one of - 
the best-known early 

airmail pilots, as 

quoted in The 

American Heritage 

History of Flight 


A Signal 
N Signal 
Combined Signals 


This pilot hears a stronger 
signal for the letter A in 
this quadrant. 


+ nt 


ock Sprin 
& 6241) 


Water ic i 
W Green River” 


If the airplane drifts to the left of course, 
the pilot hears a stronger signal for the strength andineals cites aot 
letter N and knows to turn to the right to headset. 
Sj get back on the beam. jj ei wy 


This airplane is on the beam. The pilot 
is receiving the A and the N with equal 


«oa 


Figure 1-1. Each station broadcast the Morse code letter A (e —) in two quadrants and the letter 


N (— °) in the other quadrants. The areas where the signals overlapped formed the four legs of 


th 
ae e range 
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~~ Courtesy of Honeywell 
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Figure 1-2. In the cockpit of Jimmy Doolittle’s 
NY-2, instrument flight was born. 


Sperry developed an artificial horizon, which provided a pictorial example of the airplane’s 
attitude, as well as a directional gyro, which could be set to the magnetic compass. 


For a blind landing, an altimeter that was much more precise than any yet available was 
needed. Doolittle turned to Paul Kollsman who, with the help of a Swiss watch-making firm, 
developed an altimeter that was accurate to within a few feet. 


On September 24, 1929, Jimmy Doolittle, with Ben Kelsey as his safety pilot in the front cock- 
pit of their NY-2 Husky biplane, completed the first flight solely by instrument reference. 
After a blind takeoff, the flight lasted 15 minutes and included two 180° turns. Doolittle nav- 
igated on the beam for part of the exercise prior to setting up for the approach, then success- 
fully made a blind landing. [Figure 1-2] 


“Jimmy has more gifts than any one man has a right to be blessed with. — newspaper man Ernie Pyle, who often 
accompanied Jimmy Doolittle on stints around the military bases 


in addition to his instrument flight 
research, Jimmy Doolittle was a top 
aeronautical engineer and one of the 
country’s best pursuit and acrobatic 
pilots. Doolittle won almost every honor 
in civil aviation including the coveted 
Mackay Trophy given annually to the 
most outstanding flier. Flying the Laird 
Super Solution, he was also the first to 

ee ba win the Bendix Trophy Race from Los 
fechnologies Arche | 

n Angeles to Cleveland. 


Jimmy Doolittle in the cockpit of his Laird Super 


Solution at Newark, New Jersey airport in 1931. In 1940 at age 44, Doolittle was 


made president of the Institute of 
Aeronautical Science. Soon after, 
Major Doolittle became America’s first World War II hero as he led 16 planes in a raid that wreaked destruction 
on Tokyo, Yokohama, Osaka, Kobe, and Nagoya. He was promoted to general and received the Medal of Honor 
“on April 18, 1942. 
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In addition to improving flight safety by developing instrument systems, the 1920s and 
30s realized the genesis of aviation charting. With no aeronautical charts available, many 
pilots used road maps for navigation. When visibility was limited, early aviators often 
followed the railroad tracks, which they called hugging the UP, or Union Pacific. At 
times, deteriorating weather conditions forced pilots to land in emergency fields to sit 
and wait for the skies to improve. 


In 1930, Elrey B. Jeppesen signed on with Varney Airlines and later with Boeing Air 
Transport as an airmail pilot to fly the Salt Lake City-Cheyenne/Salt Lake City-Oakland 
routes. During the winters of 1930 and 1931, Jeppesen experienced the loss of many of 
his fellow pilots due partly to the lack of published aeronautical information. To 
improve safety, he began recording pertinent information about flight routes and airports 
in a 10 cent black notebook. Jeppesen included field lengths, slopes, drainage patterns, 
information on lights and obstacles, drawings which profiled terrain and airport layouts, 
as well as phone numbers of local farmers who could provide weather reports. Equipped 
with an altimeter to record accurate elevations, Jeppesen climbed hills, smokestacks, 
and water towers on his days off. He flew each leg of the radio ranges and jotted down 
safe letdown procedures for airports. 


Lgotthe information i 


needed any place! 
could cRy and 

ounty. engineers; Sut 
veyors, farmers. | drove 
all the way from 
Chicago to Oaklana 
California, and 
checked out the emer- 
gency fields and the 
obstructions around 


them, different ways to 
Word soon began to circulate that Jeppesen had an amazing record of flight completions 


and that one of the principal reasons was his secret little black book on airports and land- 
ing procedures. Pilots began asking for copies and Jeppesen made them for his friends. 
However, the demand became so great that he entered the chart publishing business in 
1934. [Figure 1-3] 


get in, how-far they 
were from the railroad 
track and the highway. 
When the radio ranges 
came in, Lused to take 
the chief pilot's air- 
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a procedure. | guess i SA ie 
P Y - ye á H 
devised 80% of the let- ; ; po l CHrrokre a sses £H 
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where they'd have a ; fence all around 
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plates, as we started 
calling them. I'd go all 
the way through it — I a ireen fre Ratlpoad - 
called it dry flying — Sand places. Te cheek 


te en Peon 


and check the flight, à 
jal i Noton all $: “oletgpe 


chart went out of there 
without my initial, 


— Elrey B. Jeppesen 


Figure 1-3. Starting in 1934 with his 10 dollar airway manual, the company Elrey B. Jeppesen 
founded continues to produce charts for airlines and pilots worldwide. 
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WHY AN INSTRUMENT 
RATING? 


The addition of an instrument rating to your private pilot certificate allows you to fly in 
a wider range of weather conditions than you can as a VFR pilot. When you are operat- 
ing under IFR {instrument flight rules), you can fly in the clouds with no reference to the 
ground or horizon. This is sometimes referred to as flying in IMC (instrument meteoro- 
logical conditions). The terms IFR, IMC, VFR, and VMC are used frequently in several 
different ways. Operating under VFR (visual flight rules), you are governed by specific 
regulations which include minimum cloud clearance and visibility requirements. 
Instrument flight rules (IFR) govern flight operations in weather conditions below VFR 
minimums. [Figure 1-4] When referring to weather conditions, the terms IFR and IMC 
often are used interchangeably, as are the terms VMC (visual meteorological conditions) 
and VFR. In addition, the terms VFR and IFR can define the type of flight plan under 
which you are operating. [Figure 1-5] 


Figure 1-4. Instrument and visual flight 
rules are contained in the Federal 
Aviation Regulations (FARs). The FARs 
are identified by a specific title number 
(Aeronautics and Space Title 14) within 
the larger group or rules contained in 
the Code of Federal Regulations 
(CFR). The FARs are divided into num- 
bered parts (FAR Part 61, FAR Part 91, 
etc.) and each regulation typically is 
identified by the part number, followed 
by the specific regulation number, for 
example: FAR 61.65. 


FAR PART 91 — General 
Operating and Flight Rules | 


In addition to visual flight 
í rules, such as weather 
minimums, FAR PART 91 
contains regulations 
governing IFR operations, { 
‘including IFR flight plans, 
takeoff and landing under | 
IFR and IFR radio | 


lad Figure 1-5. The Aeronautical 
communication. 


Information Manual (AIM) defines the 
terms VFR, VMC, IFR, and IMC in the 
Pilot/Controller Glossary. It is possible 
for you to be operating on an IFR 

flight plan in VFR weather conditions. 


(Instrument Meteorological Conditions) 
VMC (Visual Meteorological Conditions) are are meteorological conditions expressed in terms 
meteorological conditions expressed in terms of visibility, distance from cloud, and ceiling less 
of visibility, distance from cloud, and ceiling than the minima specified for visual 


equal to or better than specified minima. meteorological conditions. es 


— 


CHAPTER 1 


Percentage of Accidents 


While you are provided with more options regarding weather, perhaps the greatest ben- 
efit an instrument rating provides is the increase in safety. Instrument training enhances 
your skill at precisely controlling the aircraft, improves your ability to operate in the 
complex ATC system, and increases your confidence level. A study of aircraft accidents 
over an 11-year period showed that continuing, and initiating VFR flight into IMC with- 
out an instrument rating were the first and second most prevalent causes of weather- 
related general aviation accidents. Statistics have shown the risk of a weather-related 
accident declines as pilots gain instrument flying experience. Pilots with less than 50 
hours of instrument time were involved in 58% of all weather accidents, and 47% of 
fatal weather accidents. As pilots gain more experience (50 to 100 hours of instrument 
flying time) their risk decreases by more than 80% to a level slightly below 9% of all 
accidents. [Figure 1-6] 


WEATHER ACCIDENTS 


= Ji 
Number 
nt 


Accidents 


4 


0-50 | 100-150 : ae ‘ 200-250 300-350 400-450 
50-100 .-. 150-200 250-300 350-400 450-500 


Pitot instrument Time 


Figure 1-6. As instrument time progresses beyond 100 hours, the accident risk factor 
decreases to a statistically insignificant level. 


INSTRUMENT TRAINING 


To be eligible for an instrument rating, you must 
possess at least a private pilot certificate with an air- 
craft rating appropriate to the instrument rating 
sought, be able to read, write, speak, and understand 
the English language, and complete specific training 
and flight time requirements described in the FARs. 
You also must pass a knowledge test and success- 
fully complete a practical test which consists of oral 
quizzing, performing pilot operations, and executing 
instrument procedures in the airplane. The FARs 
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require that you have received instruction in specific flight operations and maneuvers, 
as well as ground instruction in certain knowledge areas. [Figure 1-7] 


During instrument training you will F, - - , T 
Figure 1-7. During your instrument training, you 
will become proficient in controlling the airplane 


{solely with reference to instruments. 
learn how to accurately control i 


the airplane during attitude 
instrument flying. 


You must meet minimum flight hour 
requirements to apply for an instru- 
ment rating. According to FAR Part 61, 
you must have at least 50 hours of 
cross-country time as pilot in command 
(PIC) and 40 hours of actual or simulated 
instrument time in the areas of operation 
interpret instrument charts and increase specified in the regulations. This 
your skill at radio navigation. includes at least 15 hours of instrument 
flight training from an authorized 
instructor in the airplane. Some of 
your instrument time may be con- 
ducted with a safety pilot who is 
appropriately rated for the air- 
plane. If your training is accom- 
plished under FAR Part 141, 
you must have 35 hours of 
instrument training from an 
authorized instructor in the 
areas specified in Appendix 
C, FAR Part 141 and need not 
comply with the 50-hour PIC 
cross-country requirement. 
[Figure 1-8] 


increase your knowledge about 
weather and use of aviation 
weather reports and forecasts. 


follow ATC clearances and 
procedures while operating 
in the IFR environment. 


perform instrument operations such 
as holding and approach procedures. 


develop your aeronautical 
decision-making skills and 
judgment. 


practice emergency procedures. 


Figure 1-8. Although some of your instrument 
instruction may take place in actual IFR conditions, 
most of your training time in the airplane will be 
accomplished using a view limiting device. This 
device restricts your view outside the airplane so you 
maintain reference only to the cockpit instruments. 


FLYING ON THE GROUND 


Part of your instrument training may be accomplished in a flight simulator, flight train- 
ing device, or a personal computer-based aviation training device (PCATD). To count 
the time toward the instrument rating requirements, an authorized instructor must be 
present during the simulated flight. The amount of time which may be credited toward 
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your instrument rating depends on the type of device that you are using and on your 
training curriculum. The FARs specify the maximum hours which can be used in either 
a flight simulator or flight training device. Advisory Circular (AC) 61-126 provides the 
requirements that a PCATD must meet for FAA certification. An AC-compliant PCATD 
may be used for up to 10 hours of the flight training time required for the instrument rat- 


ing. [Figure 1-9] 


FLIGHT SIMULATOR 

A flight simulator is a full-size 
cockpit replica of a specific type 
of aircraft, or make, model 

and series of aircraft which uses 
a force (motion) cueing system 
and visual system. 
ame ee Figure 1-9. Each type of simulator 
or training device must have the 
hardware and software necessary 
to represent the aircraft in ground 
and flight operations and must be 
evaluated, qualified, and approved 
by the FAA. 


PCATD 
A PCATD must replicate a type of 
airplane or family of airplanes and 
meet the virtual control requirements 
specified in AC 61-126. 


FLIGHT TRAINING DEVICE 

A flight training device is a full-size replica of the 
instruments, equipment, panels, and controls of an 
aircraft, or set of aircraft, in an open flight deck area 
or in an enclosed cockpit. A force (motion) cueing 
system or visual system is not required. 
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Equipment such as a simulator or training device is a very valuable tool for developing 


; _ It (the Link Trainer) is a 
your instrument scan and for practicing procedures such as holding and approaches. 


pox set on a pedestal 
“and-cleverly designed 
-to resemble a real air- 
plane. On the inside 
the deception ts quite 
complete, even to the 
sound of slip stream 
and engines. All of the 
usual controls and 
‘jnstruments are dupli- 
cated within the. cock- 


The simulation can be placed on hold so your position is frozen while you discuss the 
procedure with your instructor. Exercises can be repeated as many times as necessary 
and most equipment allows you to position the airplane at any point on a procedure. In 
addition, a training device provides a lesson opportunity regardless of the weather. 
Although you should take full advantage of training in actual IFR conditions, at times 
icing or thunderstorms may prevent practice in the airplane. 


The Link Trainer flight simulator, developed'in 1928 pi, anA onoo Une! 
by Erwin A. Link, was the forerunner of the training way the sensation of 


devices and flight simulators used today to teach actual flight becomes 
pilots instrument flying procedures. Often referred to so genuine that it Is 
as the Blue Box pilot maker, the Link Trainer con- - often a surprise to 

= sisted of a smalil-fuse- open the top of the box 
ee lage with wings and a and discover you are in 
tail that had movable the same locality. 
~ control surfaces. The 
trainer cockpit had a Ernest K Gann, Fate 
full instrument panel, is the Hunter 
as well as a throttle, a 
radio, and cockpit 
lights. Some models ` 
of the Link Trainer _ 
had a duplicate con- 
trol console for the 
instructor, a desktop 
map plotter, and a full 
radio beacon/flight . 
path radio simulation 
system. © i" 


* 
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To better prepare its 
pilots and reduce the 
accident rate, the 
army purchased 
nearly 10,000 Blue 
Box pilot makers 
which helped qualify 
morethan half a million airmen during and after 
World War IL. > a: xe T oe 
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CURRENCY FOR THE CLOUDS 

Once you hold an instrument rating, you must meet certain recency of experience 
requirements to act as PIC under IFR or in weather conditions which are less than the 
minimums prescribed for VFR operations. Within the preceding six calendar months, 
you must have intercepted and tracked courses through the use of navigation systems, 
performed holding procedures, and flown at least six instrument approaches. These 
instrument procedures must be accomplished under actual or simulated instrument 
conditions in flight, in a flight simulator, or in a flight training device. 


The location and type of each instrument approach and the name of the safety pilot, if 
required, must be recorded in your logbook. A flight simulator or flight training device 
may be used to log instrument time provided an authorized instructor is present during 
the simulated flight. If you do not meet the instrument experience requirements within 
the six calendar months or within six calendar months after that, you must pass an 
instrument proficiency check which consists of a representative number of tasks 
required by the instrument rating practical test. [Figure 1-10] 


You are not instrument current since 
you have not met the requirements 
within the preceding 6 months. You 
have 6 months to meet the requirements. 


You are not instrument current since 
you have not met the requirements 
within the preceding 6 months. You 
have 6 months to meet the requirements. 


+» You obtain your instrument rating. You 
are instrument current and may operate 
under IFR and in IFR weather conditions. 


| You perform 3 instrument approaches. 
; You are now instrument current since 
| you have accomplished the requirements | 
| within the preceding 6 months. 


l You fly Bit instrument approaches, é as 
| well as perform navigation and holding 
_ procedures. 


| You have not met the currency | 
| requirements so you must now | 
| take an instrument proficiency 

| check. After the proficiency 

| check, you are instrument 

: current again. 


Instrument Current 
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THE GOMMERGIAL PILOT 
CERTIFICATE 


One of the unique aspects of flying is that you can transform what you have a passion for 
as a hobby into an exciting and rewarding career. The desire to fly for a living was so 
strong in the early days of aviation that aviators were willing to pursue dangerous and 
unstable employment as barnstormers or airmail pilots. You do not have to take the same 
type of risks today, but you must be willing to face the many challenges that lay ahead 
on the road to becoming a professional pilot. [Figure 1-11] 


For you to be eligible for a commercial pilot certificate, you must be at least 18 years of 
age and hold a third-class medical certificate. However, a second-class medical certifi- 
cate is required for you to exercise the privileges of your commercial pilot certificate. 
You must be able to read, write, speak, and understand the English language, and meet 
specific training and flight time requirements described in the FARs. In addition, you 
must pass an aeronautical knowledge test and a practical test. 


You also must possess at least a private pilot certificate and, under FAR Part 141, hold 
an instrument rating or be concurrently enrolled in an instrument rating course. If you 
are training under Part 61 regulations and you do not hold an instrument rating in the 
same aircraft category and class, you will be issued a commercial pilot certificate that 
contains the limitation, “The carriage of passengers for hire on cross-country flights in 
excess of 50 nautical miles or-at night is prohibited.” The experience requirements in 
Part 61 of the FARs include 250 hours of flight time as a pilot including training from an 
instructor in various areas. of operation specified within that part. Under Part 141 rules, 
you must receive 120 hours of training which includes at least 55 hours of instruction in 
operations specified in Appendix D, FAR Part 141. [Figure 1-12] 
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Figure 1-12. Mastering commercial maneuvers such as the lazy eight requires a high level of 
proficiency in advanced planning, accuracy, and control coordination. 
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flying in heavy: rain. 
on one occasion. one 
of the blades of my 
wooden propeller 
Started fo come apart. 
The-fabric coating 
which. covered one of 
these blades, had worn 
through, and the first 
thing | knew there was 
a terrific bang and very 
heavy vibration. | had 
fo come down onthe 
beach at Le Toquet 
We were short of day- 
light, but my two pas- 
sengers were very 
nice. | explained what 
the problem was, and 
one of them said. ‘I've 
got a penknife on me 
l'Il have a go at fixing 
this thing.” So he 
helped me, and we 
hacked this loose piece 
of wood and fabric off 
the blade and got it 
Started up again In 
those days the passen 
gets took pari if 
whole thing in very 


good spirit 


— Alan Campbell 


Orde, a British pilot 
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i Airlines in 1919, as 
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Sightseeing services fly tourists over metropolitan 
areas, natural wonders, and scenic areas which may | 
=< A be hard to reach by other means. f ; | 
A od > Typically, the minimum pilot qualifications for — 
corporate flying include a commercial pilot 
l — _» certificate with an instrument 
a aa aling and a multi-engine rating. 
p > An ATP certificate and type rating 
` in a jet or turboprop airplane are preferred 
i by many corporations. Most corporate flight 
' f departments have very few prescheduled trips 
and pilots are on-call most of each month. 
Corporate airplanes can range from a single- 


Figure 1-11. While a commercial pilot certificate provides the foundation on 


which you will build your aviation career, additional training usually is neces- : PEA 
sary to qualify for one of the many jobs available to pilots. engine Cessna | 72 to jet aircraft sugh asig 
ki ne — Gulfstream IV. Since many corporate jobs are 
B not advertised, pilots are often hired upon 


referral by another pilot. 


consist of checking pot 
pipelines fer damagé,"a 


ages repair Cr i 


erial tation — In the United States, there are 4 
Over 2,000 agricultural aircraft operators flying over © 
6,000 aircraft. Many aerial applicators have a degree 
in agriculture or chemical engineering. To become ~ A 
employed as an aerial applicator you must 2 = 
hold a commerciat pilot certificate and -~ s 
Pu 


As a pilot for a major airline, your typical work schedule 
> includes aaliving approximately 80 hours a month (an average of 
\\ Dr = 15 working days) and spending from 240 to 
N SES 20 hours a month away from home. While 
“eee each major airline has specific 
“minimum requirements, you must achieve 
~~ competitive qualifications for the market at the time. 
The qualifications for an airline pilot position can be divided 


Ma 
J 


ma a 


aaa ttt 


into four categories: 
Transporting parachute jumpers, 

— a as well as banner and glider towing, i 1. Flight experience — Most pilots hired by major airlines 
aus are services which you can perform ce have regional airline, corporate, or military flight experience. 
\ a "E TE a commercial pilot. As the number of qualified pilots grows, the average total flight 
3 = aoe ~ : time expected by the airlines increases. Multi-engine, 
~ f Ney ; turboprop, or jet time accumulated by flying in the military or in 
-O= w F ó commercial operations is more impressive to an airline 


employer than recreational flight time. 


2. Certificates and ratings — You must hold at least a 

Proven k aa commercial pilot certificate with instrument and multi-engine 

P F Y ratings. Most airlines also prefer that you hold an ATP 

certificate since this is a requirement to become an airline 

Y —_ captain. In addition, you must hold a first-class medical and 
Law enforcement agencies employ pilots have a passing score on the flight engineer knowledge test. 

for traffic surveys, and search and rescue 

missions, as well as border 

and coastline patrol. 


nee 


3. Education — At a minimum, your credentials should 
include a four-year college degree. The airlines do not require 
a particular degree or major area of study. 


4. Interview skills — During an airline interview you will be 
evaluated on how well you communicate, your leadership 
skills, and your ability to perform as a crewmember. Typically, 
i you also have to pass a stringent medical exam and your 
flying skills are assessed during a simulator flight. -- 


P As a pilot for a regional airline, you will fly advanced turboprop or small jet aircraft during scheduled 
passenger-carrying flights. You may fly for a regional airline as a way to enhance your experience for 
a major airline position. To qualify for a regional airline position, you should accumulate as much total 

flight time, pilot-in-command time, and multi-engine time as possible. In addition, an ATP certificate will 
strengthen your credentials. Some regional airlines hire pilots with 

fairly low flight time and allow them to upgrade as they build 


experience, while others prefer co-pilots with sufficient skills ——— 
to upgrade to captain in a short period of time. ais 


You may choose to apply to the 
one n on on FAA to become a safety inspector, 
” q test pilot, or airspace 
/ | inspection pilot. 
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Within a quarter of a” 
century of Post's high 
altitude flights. men, 
women, and children 
would be hurtling 
through the stratos- 
phere at almost the 
speed of sound in the 
comfortable pressur- 
ized cabins. of jetlinets, 
wholly ignorant of the 
frustrating labors ot 
1934 and. 1935, 
unmindful of the man 
whe met the difficulties 
in their rudest shapes. 
Yet every time.a cor- 
trail runs its white 
chalkline across the 
blue, it deserves recol- 
lection that it was 
Wiley Post who 


pointed the way to 
putting it there. 


— Stanley R. Mohler, 
M.D. and Bobby H 
Johnson, Ph.D., written 
for a National Air and 
Space Museum Smith- 
sonian Annals of Flight 
monograph 
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Wiley Post climbs out of the Winnie Mae after 
his solo flight around the world in 1933. 
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In 1933, Wiley Post completed asolo round-thé-world 
flight.in his Lockheed Vega, the Winnie Maein7 days, 18 
‘hours, and 49 1/2 minutes. [Figure A] His goal was to prove that 
` flying could be safer and more precise with the benefits of new instruments and equipment, such as the automatic pilot 
and radio direction finder. Having accomplished his objective, Post was determined to take aviation technology even fur- 
. thér. Upon his return, he announced that if man wanted to fly long distances safely and faster, he would have tọ fly higher 
— into-the stratosphere, where the powerful jet stream winds blew. 


Haneyer 


. Since Post could not pressurize the Winnie Mae’s cabin, he enlisted the help of the BFGoodrich Company to develop a 

. full-pressure suit he could wear while flying the airplane. Post’s suit, consisted of three layers (long underwear, an inner 

black rubber air pressure bladder, and an outer cloth contoured suit), 

; and a helmet (containing i a special oxygen breathing system and out- 
“Jets for earphones and a throat microphone): [Figure B] 


On February 22, 1935, Post made his first attempt to fly across the uÀ mn 

country at an altitude of more than 30,000 feet MSL. Only 31 minutes P Anot AN 

into the flight, he was forced to make an emergency landing in the l mag ig 
_ Mojave Desert after his’ engine began throwing oil. Post approached a 

man near'the landing sight to ask for assistance in removing his hël- 
. met. The man nearly fainted from fright when he saw Post lumbering 
re toward himin his pressure suit. 


` Itwas determined that Post's airplane had been sabotaged by a jeal- 

„ous Competitor. This did not deter Post from his mission and 3 weeks 

_ later; on March 15, 1935, he embarked òn å second transcontinental 
record attempt. Although Post had to turn back when hé ran out of 
oxygen, he had covered 2,035 miles in 7 hours and 9 minutes. This 
meant that the Winnie Mae’s groundspeed averaged.279 miles per 
hour, over 100 miles per hour faster than the airplane's normal speed. 
At times the airplane had reached groundspeeds of üp to 340 miles < 
per hour. Wiley Post and his Winnie Mae had been in the jet stream. 
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INSTRUMENT/COMMERGIAL TRAINING AND OPPORTUNITIES SECTION A fan 


The FARs specify that you must receive 10 hours of flight training in an ra with 
retractable landing gear, flaps, and a controllable pitch propeller. To operate as pilot in 
command of an airplane meeting this criteria you need training and an endorsement 
from your instructor for complex airplanes. It also is possible that you will be intro- 
duced to high performance airplanes during your flight training. A high performance 
airplane is defined as an 
airplane having an 
engine of more than 200 
horsepower. The training 
required to receive a high 
performance or complex 
airplane endorsement 
will focus on the opera- $ oe 
tion of advanced airplane S - High Performance 
systems. [Figure 1-13] i l 


Figure 1-13. To act as pilot in command 
of a high performance or complex air- 
plane, you must receive specific training 
outlined in the FARs, as well as an 
instructor’s endorsement in your logbook. 


High Performance and Complex 


Designing retractable landing gear was first attempted as early as 1911, but the idea was not widely popular until the 
size of airplanes increased, resulting in a need to reduce airframe drag. The first fully retractable gear was introduced in 
1920. The Dayton Wright R.B. Racer created a sensation as its wheels folded into its fuselage during the Gordon 
Bennett Cup Race in France. The R.B. Racer was built with balsa wood and plywood, including the movable control sur- 

` faces. Linen was glued to the plywood and then several coats of varnish were applied. ' 7 


= 
a 


Retractable landing gear was first demonstrated in the United States during the Pulitzer Trophy Race of 1922. Two 
Verville-Sperry R-3s were procured by the army for the race while the Navy competed with the Bee-Line Racer. The 
Verville-Sperry retracted its gear into its wings, however, unnecessary drag was created since ae amens did not have 
wheel-well covers..The landing gear of the Bee-Line had full skirts so whenthe ~~ : E 
wheels retracted into the wings, the wheel wells were completely covered. While "a 
» pilots operated this early landing gear by use. of cranks, aš wood and ay ie 7 
_ fabric were replaced with stressed-skin aluminum fuselages, = 
. retractable landing gear evolved from manually oper- j k 
` ated to ‘hydraulically actuated... 3 


° 


Verville Sperry R-3 
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COMMERCIAL PILOT PRIVILEGES 
FAR 61.133 states that as a commercial pilot, you may act as pilot in command of an air- 


craft for compensation or hire and you may carry persons or property for compensation 
- or hire provided you meet the qualifications which 


apply to the specific operation. While some com- 
mercial operations are governed by FAR Part 91, 
many others must meet additional requirements 
described in FAR Parts 119, 121, 125, 129, 135, and 
137. [Figure 1-14] Terms which help explain vari- 
ous types of commercial operations are defined in 
FAR Part 119. [Figure 1-15] 


vourtesy or-Cessna Aircratt 3 


FAR PART 119 — Certification: Air Carriers and Commercial Operators 
i FAR PART 121 — Operating Requirements: Domestic, Flag, and Supplemental 
FAR PART 125 — Certification and Operation: Airplanes Having a Seating 
Capacity of 20 or More Passengers or a Maximum Payload - 
| -Capacity of 6,000 Pounds or Greater 
FAR PART 129 — Operations: Foreign Ait Carriers and Foreign Operators 
Figure 1-14. The FAR parts : of U.S.-Registered Aircraft Engaged in Common Carriage 
shown here may be applica- | a FAR PART 135 — Operating Requirements: Commuter and On-Demand Operations 
FAR PART 137 — Agricultural Aircraft Operations; 


* = 


ble to you as yot pursue a 
career as a professional 
pilot, however, you normally 
will not study t 
tions for commercial pilot 


certification. 


> regula 
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Figure 1-15. FAR Parts 
121, 125, and 135 govern 
operations ranging from 
scheduled air carriers to 
on-demand charters. 


Common Carriage is any operation for compensation or hire 
in which the operator holds itself out, by advertising or any 
other means, as willing to furnish transportation for any 
member of the public. Private carriage does not involve 
holding out. 


On-Demand Operation is any operation for 
compensation or hire which is one of the following: 


a passenger-carrying public charter where the 
departure time and location, as well as the arrival 
location are specifically negotiated with the customer. 


Flag Operation is any scheduled 
operation to any point outside the 
U.S. conducted in a turbojet- 
powered airplane or an airplane 
which has a passenger-seat 
configuration of more than 9 seats 
or a payload of more than 7,500 
pounds. 


a common-carriage operation using an airplane 
(inciuding turbojet-powered) having a passenger-seat 
configuration of 30 seats or less and a payload 
capacity of 7,500 pounds or less. 


a private carriage operation conducted with an 
airplane having a passenger-seat configuration of 
less than 20 seats or a payload capacity of less than 
6,000 pounds. 


e a scheduled operation with a frequency of less than 
5 round trips per week conducted with a nonturbojet- 
powered airplane with a maximum of 9 passenger 
seats and a maximum payload capacity of 7,500 
pounds. 


Commuter Operation is any scheduled operation conducted in a 
nonturbojet-powered airplane having a maximum passenger-seat 
configuration of 9 seats or less and a maximum payload capacity of 7,500 
pounds or less. A commuter operation must be scheduled with a 
frequency of at least 5 round trips per week on at least 1 route according 
to published flight schedules. 


a cargo operation conducted with an airplane 
having a payload capacity of 7,500 pounds or less. 


FARs GOVERNING SPECIFIC COMMERCIAL OPERATIONS 


Part 12! Part 121 Part +35 Fert 1353 I Pat ?26 


Airplane 
p || Part 121 Flag || Supplemental Commuter | On-Demand |; (Not 


' Size/Weight Domestic | 
: (Scheduled) | (Scheduled) | (Not Scheduled)| (Scheduled) | (Not Scheduled) || Scheduled) 


ad in scheduled passenger-carrying operations must comply with Part 121 regardless of passenget séating or payload capacity. 


nes and other airplanes with 10-30 passenger-seat configurations are used for Part 121 domestic or flag operations, rion-scheduled of charter Operations with 
all be conducted.under Pait 121 supplemental rules. á A 
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Under FAR Part 91, you may not engage in common carriage, which involves holding 
out, or advertising your services to furnish transportation for any member of the public. 
FAR Part 119 lists specific activities not governed by FAR Parts, 121, 125, or 135 for 
which the holder of a commercial pilot certificate may be paid. [Figure 1-16] 


Figure 1-16. Student instruction, certain nonstop sightseeing flights within limited areas, crop 
dusting, banner towing, aerial photography or survey, firefighting, and some corporate flights 
are examples of operations which are not governed by FAR Parts 121, 125, and 135. 


ADDITIONAL GERTIFICATES 
AND RATINGS 


Although the path to a flying career can 
vary, many jobs, such as corporate or airline 
pilot positions, require additional pilot cer- 
tificates and ratings, as well as flight expe- 
rience. A multi-engine rating is an essential 
requirement for most flying jobs, and you 
must hold an airline transport pilot certifi- 
cate to operate as an airline captain. In 
addition, you may choose a rewarding 
career as a certificated flight instructor, or 
use flight instruction as a step to gain expe- 
rience and enhance your professional qual- 
ifications. 
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MULTI-ENGINE RATING 


FAR Part 61 does not specify a minimum number of ground or flight instruction hours 
required for the addition of a mul to a pilot certificate, but you will have 
to pass a practical test. Under FAR Part 141, a multi-engine rating course must include 
the ground and flight instruction hours in accordance with the applicable Part 141 
appendices. Typically, the training can be completed in a short period of time, but most 
aircraft insurance policies require that you obtain a substantial amount of multi-engine 
flight time before operating the airplane as pilot in command. To accumulate the neces- 
sary experience, you may be able to share flight 
time and expenses with a qualified pilot who 
meets the insurance requirements. In general, a 
multi-engine rating is considered an addition to 
your private or commercial pilot certificate and 
the training will be conducted separately. 
However, it is possible in some curriculums for 
the multi-engine training to be incorporated 
within the commercial pilot training require- 
ments, [Figure 1-17] 


Figure 1-17. Learning the procedures for flying a multi-engine airplane after an engine failure is 
perhaps the most challenging aspect of multi-engine training. 


CERTIFICATED FLIGHT INSTRUCTOR 


Under FAR Part 61, a specific prune gi Pa or r flight instruction hours is not 
required to become a certific a , however, you are required to 
pass two knowledge exams and a practical test. Under FAR Part 141, a flight instructor 
course must include the ground and flight instruction hours specified in Appendix F, 
Part 141. Your CFI training will focus on aspects of teaching which include the learning 
process, student evaluation, and lesson planning. Additional ratings may be added to 
your flight instructor certificate, such as an instrument instructor, or multi-engine 
instructor rating. 


AIRLINE TRANSPORT PILOT 
CERTIFICATE 


To apply for an airline transport pilo ) certificate, you must be at least 23 years of 
age and hold a first-class medical. The flight time requirements to obtain an ATP certifi- 
cate are demanding: a total of 1,500 hours of flight time including 250 hours of pilot-in- 
command time, 500 hours of cross-country time, 100 hours of night flight, and 75 hours 
of instrument experience. Refer to FAR Part 61, Subpart G and Part 141, Appendix E for 
specific training requirements. The ATP knowledge test emphasizes subjects such as 
navigation, meteorology, aircraft performance, and air carrier flight procedures. During 
the practical test, your instrument skills will be evaluated, as well as your ability to cor- 
rectly perform emergency procedures. 
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At first some of the 


PHa Took Pie wine 
idea ot stewardesses 
as kind of a joke. Then 
they realized that they 
didn't have to hand 
out box lunches and 
take care of Sick pas- 
sengers any more 
Refueling was some- 
limes interesting 
Sometimes we had to 
land at an emergency 
landing field and then 
we had the gas in two- 
and-a-half or five-gal- 
lon cans. They would 
form.a.sort of tire 
brigade, handing the 
cans from one to the 
other, including the 
Stewardess and some 


of the passengers 


Then, if we were 
some place: where 
there was. no crew on 
the field, somebody 
had to go out on the 


left wing to the engine 


do something. there 


-The pilot and the copi 
lot were busy inside, 


So the third member 
of the crew had to go 
out on the wing—and 
that was the stew- 


“ardess. We did it with- 


out a murmur 
because of the argu- 
ment that when a third 
person was needed 
for something like that 
the third person 
should be a man. 


/} — Ellen Church, who 


became the first air- 
line stewardess when 
she was hired by 
bing Air Transport 
30, as quoted in 
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I feel we are on the brink of an era of expansion of knowledge about Qur- 
selves and our surroundings that is beyond description or comprehension 
at this time. Our efforts today and what we've done so far are but: small 
building blocks on a very huge pyramid to come . ... Kh wledge begets | 
knowledge. The more I see, the moreampre Avir how much we | 
know but with how, tremendous the areas i yer unexplored: 
— Lieutenant Colonel Jgbn H. Glenn Jr. imp 
of congress ‘six days aftel he orbitegth ae 


Whoopee! Man, that may have been a small one for Neil, but that’s a long one for me. 
— Pete Conrad, the third man to walk on the moon after jumping from the last rung of the 
lunar module ladder to the footpad — the bottom rung was about level with his waist 


John Glenn’s statement about the future of knowledge is just as true today as it was in 
1962. Although aviation and space technology has come a long way since Jimmy 
Doolittle climbed into the cockpit of his NY-2 Husky biplane for the first blind flight and 
Wiley Post donned his space suit to cruise the stratosphere, there is still so much more 
yet to explore. If we approach the future with the same kind of unbridled enthusiasm as 
Pete Conrad, anything is possible. Conrad is chairman of Universal Space Lines, a ven- 
ture he hopes will become the first commercial space airline, opening up a new world of 
discovery and opportunity. 


Whether your goal is to earn an instrument rating, embark on a career as a commercial 
pilot, or reach for the stars as a spacecraft commander carrying passengers to the moon 
and beyond, you are a part of an industry with unlimited possibilities. You are one of a 
unique group of people who see further, dare to dream, and then have the passion, 
courage, and commitment to take the steps, large or small, to see their visions become 
reality. As you continue your aviation training and set your own dreams in motion, do 
not forget — you are standing on the shoulders of Giants. 
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SUMMARY CHECKLIST 


V The addition of an instrument rating to your private pilot certificate allows you to 
fly under IFR (instrument flight rules). These regulations govern flight operations 
in weather conditions below VFR minimums. 


Y When referring to weather conditions, the terms IFR and IMC (instrument meteo- 
rological conditions) are often used interchangeably, as are the terms VFR and 
VMC (visual meteorological conditions). In addition, the terms IFR and VFR can 
define the type of flight plan under which you are operating. 


y Statistics have shown the risk of a weather-related accident declines as a pilot gains 
instrument flying experience. 


V To be eligible for an instrument rating, you must hold a private pilot certificate, be 
able to read, write, speak, and understand the English language, and complete spe- 
cific training and flight time requirements described in the FARs, as well as pass a 
knowledge and practical test. 


vy Part of your instrument training may be provided by an authorized instructor in a 
flight simulator, flight training device, or a personal computer-based aviation train- 
ing device (PCATD). 


/ To meet recency of experience requirements for instrument flight, you must have 
intercepted and tracked courses through the use of navigation systems, performed 
holding procedures, and flown at least six instrument approaches within the pre- 
ceding six calendar months. 


/ If you do not meet the instrument currency requirements within six calendar 
months or within six calendar months after that, you must pass an instrument pro- 
ficiency check. 


/ For you to be eligible for a commercial pilot certificate, you must be at least 18 
years of age, hold a private pilot certificate, be able to read, write, speak, and under- 
stand the English language, and meet specific training and flight time requirements 
described in the FARs, as well as pass a knowledge and practical test. Under FAR 
Part 141, you must hold an instrument rating or be concurrently enrolled in an 
instrument rating course. 


/ Although you need at least a third-class medical certificate to be eligible for a com- 
mercial pilot certificate, you must have a second-class medical certificate to exer- 
cise commercial pilot privileges. 


/ As part of the commercial pilot training requirements, you must receive 10 hours 
of flight training in a complex airplane—an airplane with retractable landing gear, 
flaps, and a controllable pitch propeller. 


Z A high performance airplane is defined as an airplane having an engine of more 
than 200 horsepower. 
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/ FAR Parts 119, 121, 125, and 135 govern operations ranging from scheduled air car- 
riers to on-demand charters. 


/ Under FAR Part 91, you may not engage in common carriage which involves hold- 
ing out, or advertising your services to furnish transportation for any member of the 


public. 


/ Student instruction, certain nonstop sightseeing flights within limited areas, crop 
dusting, banner towing, aerial photography or survey, firefighting, and some types of 
corporate flights are examples of operations which are not governed by FAR Parts 
121, 125, ands. 


/ The addition of a multi-engine rating to your private or commercial certificate does 
not require a minimum number of ground or flight instruction hours under FAR Part 
61. Under FAR Part 141, a multi-engine rating course must include the ground and 
flight instruction hours in accordance with the applicable Part 141 appendices. 


y To become a certificated flight instructor (CFI), you must pass two knowledge exams 
and a practical test. Under FAR Part 61, a specific number of ground or flight instruc- 
tion hours is not required for CFI training. An FAR Part 141 flight instructor course 
must include the ground and flight instruction hours specified in Appendix F, 
Part 141, 


v To apply for an airline transport pilot (ATP) certificate, you must be at least 23 years 
of age and hold a first-class medical. A total of 1,500 hours of flight time is required 
including 250 hours of pilot-in-command time, 500 hours of cross-country time, 100 
hours of night flight, and 75 hours of instrument experience. 


KEY TERMS 


IFR (Instrument Flight Rules) 

IMC (Instrument Meteorological Conditions) 

VFR (Visual Flight Rules) 

VMC (Visual Meteorological Conditions) 

Instrument Rating 

Flight Simulator 

Flight Training Device 

Personal Computer-Based Aviation Training Device (PCATD) 
Instrument Proficiency Check 

Commercial Pilot Certificate 


Complex Airplane 
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High Performance Airplane 
Common Carriage 

Multi-Engine Rating 

Certificated Flight Instructor (CFI) 


Airline Transport Pilot (ATP) 


ADVANCED HUMAN 
FACTORS CONCEPTS 


The thing we call luck is merely professionalism and attention to detail, it’s your aware- 
ness of everything that is going on around you, it’s how well you know and understand 
your airplane and your own limitations. Luck is the sum total of your abilities as an avi- 
ator. — Stephen Coonts, The Intruders 


From your previous training and pilot experience, you know that flying requires a con- 
tinuous series of decisions. If you are at your best, you should be able to plan effectively 
and safely handle most situations that occur during a flight. You have a foundation in 
decision making within the visual environment, and you have assumed responsibility for 
yourself, and any passengers that have flown with you since your private pilot training. 


Now, you enter a different realm. As an instrument pilot, you often will rely exclusively 
on avionics, instrumentation, charts, and air traffic control for aircraft guidance. You 
will learn to process far more information, and you must consider the instructions and 
suggestions of others during the course of each flight. As a commercial pilot, you will fly 
faster and more complex aircraft, and, much of the time, you will be required to fly these 
aircraft in the IFR environment. 


Figure 1-18. The demands of instru- 
ment and commercial flight require you 
to be highly organized in the cockpit, 
use available resources effectively, and 
maintain a professional attitude as you 
work with others. 


If you used the Guided 
Flight Discovery Private 
Pilot Manual during 
your initial training, 
you are familiar with 
many of the topics 
explored here. You 
may wish to refer to 
that text to review basic 
human factors concepts. The discussion in this section is tailored to address both the 
instrument and commercial environments since many operations in each overlap. You 
are stepping up to a new level of flying, one where you must frequently make more com- 
plex decisions and utilize additional resources through application of human factors 


principles. You will gain more insight into crew relationships, managing demanding 
workloads, and working with ATC. 


Human Element Insets provided within each chapter explore in detail the human factors 
concepts that apply to each phase of flight, and deepen your understanding of the prin- 
ciples reviewed and introduced in this section. Chapter 10, Section B — IFR Decision 


ADVANCED HUMAN FACTORS CONCEPTS 


Making more closely examines decision making as it relates to instrument flight opera- 
tions. Chapter 13, Section B — Commercial Decision Making applies human factors 
principles to common scenarios in commercial operations. 


AERONAUTICAL DECISION 
MAKING 


Flying has come a long way since aviation pioneers first figured out how to use crude 
instruments to find their way out of the clouds. Even the simplest training aircraft has far 
more instrumentation than the panels of yesterday, and safety has increased greatly as a 
result. Although aircraft and the flight environment have become more sophisicated, 
pilots today are still challenged by the same types of decisions that early aviators faced. 


Aeronautical decision making (ADM) is a systematic approach to the mental process 
used by aircraft pilots to consistently determine the best course of action in response to 
a given set of circumstances. Pilot error is the description given to an action or decision 
made by a pilot that caused, or contributed substantially, to an accident. However, the 
phrase human factors-related more accurately describes these accidents. Rarely does a 
single action or event cause the inopportune termination of a flight, but rather a chain of 
events. Human factors-related causes are responsible for approximately 75% of all avia- 
tion accidents. Sources of pilot error in the IFR and commercial environments include 
misinterpretation of a chart, failure to understand a clearance, inability to use equipment 
properly, and lack of coordination among crewmembers. It should be noted that pilot 
error also can be the result of poor ergonomics, which is the integration of people and the 
equipment they use. 


CREW RESOURCE MANAGEMENT 


Human factors-related accidents motivated the airline industry to implement crew 
resource management (CRM) training for flight crews. The focus of CRM programs is 
the effective use of all available resources; human resources, hardware, and informa- 
tion. Human resources include all groups routinely working with the cockpit crew (or 
pilot) who are involved in decisions which are required to operate a flight safely. These 
groups include, but are not limited to: dispatchers, cabin crewmembers, maintenance 
personnel, and air traffic controllers. Although the CRM concept originated as airlines 
developed ways of facilitating crew cooperation, CRM principles such as workload man- 
agement, situational awareness, communication, the leadership role of the captain, and 
crewmember coordination have direct application to the general aviation cockpit. 


Though the single pilot can employ CRM skills , the flight environment changes when 
more than one pilot shares the cockpit. Your first experience working in a cockpit crew 
may occur during the training for an instrument rating or commercial certificate. A 
measure of redundancy is provided in the crew environment since one pilot may notice 


SECTION B fu 


(The history of avia- 
tion safety in the 


United States) is 


somewhat analo 


gous to golf. It's fairly 


easy to get unde! 
100 if you take some 
lessons and pilay 
once ina while. Witt 
a littie more invest- 
ment and a little 
more: practice, you 
can get to 90. With 
still more etfort. 

Tyi 
to 80. But,if y 
eVet goin 
72. you have to work 


very hard. It's shav- 


ing those last five or 


ten strokes off vour 
game that takes a 
disproportionate 
investment, — David 


Hinson. former FAA 


warning. 


Figure 1-20. A LOFT session normally allows a crew to conduct 
a complete flight, including filling out the necessary paperwork 
and performing crew briefings, while an instructor directs the ses- 
sion and analyzes the group behavior. A post-simulation debrief- 
ing, in which video recordings of the simulator session are 
reviewed, is an important part of LOFT training. 
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1979, B-707, Rio de Janeiro — During a 
night departure, ATC advised the B-707 to 
keep their speed up and to maintain their 
current heading. The captain stated, “So we 
are under radar — that means theoretically 
nothing can happen to us.” ATC was busy 
with other communication until the controller 

] issued an urgent warning to the B-707 to turn 
d right and climb “without restriction.” The B- 
707 hit a ridge 20 seconds after the first ATC 


Accident Synopses 


1992, A310-300, Kathmandu — On a missed 
approach, the crew let the autopilot fly the air- 
craft while they located an area chart, deter- 
mined coordinates for the flight management 
system (FMS) and entered new coordinates by 
hand — a process that should have been 
accomplished before the approach. The 
ground proximity warning system (GPWS) 
sounded, but instead of pulling up immediately, 
the crew waited for ATC permission. The 
A310-300 hit a mountain 15 seconds after the 
initial GPWS warning. 


something that escapes the attention of another. However, this information must be 
shared for it to be useful. GRM training helps flight crews understand the limitations of 
human performance, especially under stressful situations, and makes them aware of the 


importance of crew coordination to combat error. 


A typical CRM program includes classes which provide 
background in group dynamics, the 
nature of human error, and the 
elements of people working with 
machines. In addition, flight crews may 
be asked to review accident reports that 
highlight the importance of crew coor- 
dination. [Figure 1-19] 


1990, DC-9, Zurich — The DC-9 was on an ILS 
approach. The first officer (F/O) failed to confirm 
glidescope interception, but continued a stabilized 
descent anyway. The captain queried the F/O 
once about the glidescope indication but never fol- 
lowed up. The F/O guided the aircraft below the 
glidescope, impacting a ridge 5 miles from the 

| runway. 


Figure 1-19. These 
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of an accident. 


OO 
CRM training also involves the use of 
flight simulators and training devices. 
While these devices were once used 
primarily to teach flying skills, they 
now enable crews to test their abilities 
to handle complex problems, such as severe weather situations 
and mechanical failures which require more than simply fol- 
lowing a procedures checklist. The airlines refer to CRM training 
in the simulator as line-oriented flight training (LOFT). [Figure 
1-20] Many universities, colleges, and flight schools recognize 
that CRM training produces 
better pilots, whether those pilots go on to work as 
flight instructors, for corporate flight departments, the 
airlines, or flight schools after graduation. 


THE DECISION-MAKING PROCESS 


Before you can make an effective decision, you need the motivation to select and follow 
through on a reasonable course of action. You can elect to either act or do nothing, but 
your choice must be within societal norms in order for it to be deemed suitable. If you 
are leaving for work and it is raining outside, you can either choose to wear a raincoat or 
dash to your car, but you probably would not use your shower curtain as a substitute for 
proper rain gear. An example of this type of decision making in the flight environment is 
the choice to use proper phraseology rather than regional slang while communicating 
with ATC. However, flying involves decisions that are far more involved than most daily 
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concerns. Since instrument and commercial flight demand complex decision making, 
your motivation and attitude as you make decisions are critical. [Figure 1-21] 


Recognize a change. — Maintaining situational awareness enables you to 
easily detect a change in your flight environment. Illumination of a low-voltage 
light, radio problems, as well as low vacuum or fuel quantity indications are 
examples of changes which will be recognized if you are properly monitoring your 
equipment. You should also be alert to changes in weather conditions and ATC 
instructions, as well as the status of your fitness and that of any other 
crewmember or passenger. 


LEFT TANK RIGHT TANK 


§ Define the problem. — To define the problem, you must use your experience, 
knowledge, and insight, as well as other resources such as the airplane’s 
POH, another pilot, passengers, or ATC. Your need to counter or react to the 
change depends directly on correctly identifying the problem. Focusing too 
much attention on something minor while ignoring the greater problem could 
lead to severe consequences. For example, the captain of a DC-8 became 
preoccupied with a gear extension light which did not illuminate and he failed 
to monitor the overall flight situation. The airplane ran out of fuel and crashed 
short of the runway killing 10 people on board. The NTSB determined that the 
only problem with the airplane was that the warning light had malfunctioned. 


(C/L/R) was developed 
so that as flight crews 
work together, they 
work effectively, they 
are able to use effec- 


Choose a course of action. — Determine the actions which may be 
taken to resolve the situation in the time available. Some situations, 
such as an engine failure, require you to respond immediately using 
established procedures with little time for detailed analysis. In others, 
you must consider the expected outcome of each possible action 
and assess the risks before deciding on a response to the situation. 
For example, a potential electrical system failure in IFR conditions 
may require you to land at the nearest airport, while the same 
| situation in VFR conditions may not demand this action. 


tive communication 
with each other; that if 
they need to advocate 
or to speak up, they 
can speak up. If there 
are things that are 
unclear, they can 
inquire ... if there is 
conflict, the conflict 
can be addressed in 
an effective way. 
Many of the (C/L/R) 
principles ... are 
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Implement your decision. — Implementing your decision 
may involve just one action or many. For example, if you 
must divert to an alternate, you may need to contact an FSS 
to check weather, calculate a new ETA, and request an 
amended clearance from ATC. 


equally relevant to a 
one-person crew as 
they are to a 
two-person or three- 
person crew. It's great 
to be a good stick, but 
it's better to be a safe 
pilot. — Cal Hutchings, 
Director of United 


Ensure that your decision is producing the desired result. — 
You must continually evaluate your decision to ensure that you made 
the correct choice and to determine if any other actions need to be 
taken as a result of your decision. For example, after giving a 
passenger, who you suspect is hypoxic, supplemental oxygen, you 
must continue to monitor the passenger's condition to ensure that 
you made the correct diagnosis. 


Airlines 


Command/Leadership 
Resource 
Management (C/L/R) 


The acronym DECIDE is used by the FAA to describe the basic 


steps in the decision-making process. Figure 1-21. The decision-r naking process nor- aaan ensia 
Detect the fact that a change has occurred. r in several steps in which you make 
Estimate the need to counter or react to the change. choices based on a v riet : of factors. sor factors training 
Choose a desirable outcome for the success of the flight. bevi ; trol. re nizing 1 aje course which teaches 
Identify actions which could successfully control the change. ments you ci ntrol, you will improve your I flight crews CRM 


Do the necessary action to adapt to the change. 
Evaluate the effect of the action. 


effective decisions. 
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it is a truism that the 
mast inportant thing m 
flying Is to learn your 
limitations ...1 had 
realized that the pilot 
who flew within his lim- 
itations would probably 
live to a ripe old age, 
whereas the pilot who 
flew beyond them 
would not. | also knew 
that different pilots had 


different limitations. — ` 


Jimmy Doolittle with 
Carroll V. Glines in 
Doolittle’s autobiogra- 
phy, / Could Never Be 
So Lucky Again 


Figure 1-22. As pilot in 
command, you must 
examine your decisions 
carefully to ensure that 
your choices have not 
been influenced by a —- - 
hazardous attitude. . ffs 


They gave us cotton 
wool to stuff in our 
ears, the Tin Goose 
[Ford Trimotor] was so 
noisy. The thing 
vibrated so much it 
shook the eye glasses 


right off your nose. In 
order to talk to the guy 
across the aisie, you 
had to shout at the top 
of your Jungs.— Arthur 
Raymond, designer, 
Douglas Aircraft 
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PiLOT-IN-COMMAND RESPONSIBILITY 

As pilot in command, you are the final authority in the airplane you are flying. When 
only one pilot is in the cockpit, the PIC is obvious, but when two pilots are present, each 
pilot’s responsibilities must be defined before the flight. Within the cockpit, one person 
is pilot in command, and the other serves to assist the PIC. An important pilot-in- 
command responsibility is to establish an atmosphere of open communication in the 
cockpit and ensure that the suggestions and concerns of the co-pilot are validated and 


considered carefully. 


Understanding your limitations is essential to acting as an effective pilot in command. 
Your performance during a flight is affected by many factors, such as your health, 
recency of experience, knowledge, skill level, and attitude. Studies have identified five 
hazardous attitudes which can interfere with a pilot’s ability to make sound decisions 
and exercise authority properly. [Figure 1-22] 


ai x Anti-authority — You display this attitude 
if you resent having someone tell you what 
to do, or you regard rules and precedures 


as unnecessary. © ~ 


Impulsivity — If you feel the need to 
act immediately and do the first thing 
that comes to mind without considering 
the best solution to a problem, then you 
are exhibiting impulsivity. 


characteristic as men. 


Invulnerability — You are more 
likely to take chances and increase 
risk if you think accidents will not 
happen to you. 


By this time, you are familiar with maintaining currency by flying and refreshing your 
skills on a regular basis. To fulfill recency of experience requirements as an instrument 
pilot, you need to log at least six instrument approaches, as well as holding procedures, 
and intercepting and tracking courses through the use of navigation systems. Prior to a 
flight in IFR weather conditions, you should be certain that your instrument flying skills 
are sharp and that you are fully prepared to operate in the IFR environment. 


COMMUNICATION 


The nature of the IFR environment requires that you have more contact with ATC than 
you may have previously experienced. Perhaps you communicated with ATC for flight 
following, weather updates, and other services during VFR cross-country flights, or you 
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Macho — If you have this attitude, you 
may take risks trying to prove that you 
are better than anyone else. Women 
are just as likely to have this’ 
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Resignation — You are experiencing 
resignation if you feel that no matter 
what you do it will have little effect on 
- what happens to you. You may feel that 
“7 g when things go well, it is just good luck 
è and when things go poorly, it is bad 
luck or someone else is responsible. 
This feeling can cause you to teave the 
action to others — for better or worse. 
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have operated within a high density terminal area. If so, you will be better prepared for 
the increase in communication workload that you will experience when flying on an 
instrument flight plan. As the amount of communication with ATC increases, so does the 
chance of error. Readback of ATC clearances is crucial in the IFR environment. You 
should not assume controller silence after a readback is verification of your transmis- 
sion. If you are unsure that the controller has understood your communication, ask for a 
verbal confirmation. [Figure 1-23] 


Delegate communication 
responsibility in the cockpit. 


Use correct radio procedure. 


Never assume that ATC 
heard your readback. 


Figure 1-23. There are several procedures which you can follow 
to reduce the risk of miscommunication with air traffic controllers. 


Another form of communication comes into play when you fly with another pilot. If you 
do not use standard terminology and verify that your meaning is understood, miscom- 
munication can occur. A breakdown in communication can cause friction and frustra- 
tion, detracting from important tasks, or lead to a hazardous situation where one pilot 
believes the other is controlling the airplane, but in reality, neither pilot has control. 


RESOURCE USE 


Resource use is an important part of human factors training. A flight in the IFR environ- 
ment requires you to rely on additional resources beyond those used in flight under VFR. 
Planning an instrument flight involves gathering charts for enroute navigation, depar- 
tures, arrivals, and instrument approaches. Effective use of all your paper resources 
requires some advance planning. If you thought that the cockpit became easily cluttered 
on a VFR cross-country flight, you will be amazed at how quickly you may become dis- 
organized when you add the myriad of instrument charts that you will take on every IFR 
flight. You also remain in closer contact with the larger resource of air traffic control 
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while on an IFR flight plan. With radar services, weather information, and Oe ae 
edge, ATC can assist you in almost any situation. However, you must be vigilant for 
inconsistencies on the part of air traffic controlle 
for you. [Figure 1-24] 


rs and not allow ATC to make decisions 


Figure 1-24. Many resources 
are available to the instru- 
ment/commercial pilot. 
Balancing the amount of infor- 
mation that you can access 
during the flight, while remain- 
ing in control, is a critical skill 
you must develop. 


Your cockpit resources will increase as you fl 
tems. An autopilot, on-board oxygen or pre 
tion equipment, such as GPS, are valuable re 


tional awareness. 
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D Competing For Air Time 


Nonaviation technology can have a direct impact on flying safely. Cellular phones are now inexpensive, and the aver- 

age pilot can have access to basic service at reasonable rates. A cell phone may be invaluable if you land in a remote 
area, only to find the pay phone out of service, or your wallet out of quarters. Carrying your cell phone can make the difference 
between life and death in crash survival, helping rescuers to locate your party, in case of ELT or cockpit radio failure. 


You may have noticed that on airline flights, the use of cellular phones is prohibited. FAR 91.21 states that no person may operate 
a portable electronic device on any U.S. air carrier or during IFR flight. Use of cellular phones in flight may interfere with navigation 
systems and electronic cockpit displays, resulting in erroneous heading information and, at times, blacking out entire displays. The 
FCC also prohibits the use of cell phones in flight, and can revoke your service under 47 CFR 22.925 and 22.901. In addition to 
problems with interference, cell phones operate on a roaming procedure that uses any and all available stations to send or receive 
a call. When you are airborne, you have access to many times the number of stations that you would on the ground. This blanket- 
ing effect ties up stations across an area, rendering the sites unusable to others operating cell phones. 


WORKLOAD MANAGEMENT 


In the cockpit environment, your tasks are not evenly distributed over time. Through 
advance planning and prioritizing, you can make use of the periods in which relatively 
few duties demand your immediate attention. Effective workload management directly, 
impacts safety by ensuring that you are prepared for the busiest segments of the flight 
through proper use of down time. The workload during an IFR flight can be demanding, 
however, as you gain experience you will realize what tasks can be accomplished ahead 
of time, and which need to be left until the moment. Items such as organizing charts in 
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j iti itudes and 
the order of use, setting radio frequencies, and writing down G oe e 
route clearances will help you visualize and mentally prepare for what co : 


[Figure 1-25] 


ABTG 


WORKLOAD 


Preflight and Taxi Enroute Taxi 


Figure 1-25. A typical IFR flight has periods of high and low workload. Plan what you can 
accomplish during the least busy times to enhance your preparation and safety. 


SITUATIONAL AWARENESS 


Maintaining situational awareness with no outside visual reference is perhaps the 
largest challenge to the instrument pilot. From the newly-rated instrument pilot to the 
most senior airline captain, a certain number of pilots fail to meet this challenge, as 
accident records attest. Good situational awareness occurs when you have a solid men- 
tal picture of the flight: from your own fitness and that of passengers to the operating 
conditions of the airplane, weather trends, and ATC instructions. Fatigue, stress, emer- 
gencies and other distractions can cause you to focus on one aspect of the flight, and 
omit others from your attention. Situational awareness can erode to the point where it 
may take serious effort on your part to regain your grasp of what is going on around 
you, especially during heavy workload periods. You also are prone to losing situa- 


tional awareness when cockpit workload is low, as the ease of the flight may contribute 
to complacency. 
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danger. — Antoine de 

Saint-Exupery 
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Figure 1-26. Part of maintaining IFR 
situational awareness involves pictur- 
ing the terrain over which you are fly- 
ing. Lack of a good mental picture can 
be misleading and dangerous. Looking 
at the appropriate low altitude enroute 
chart may not give you the full picture. 
A VFR chart, such as a WAC or sec- 
tional, may give you the best terrain 
information and improve your situa- 
tional awareness. 


D | Another Set of Eyes 


Controlled flight into terrain (CFIT) accidents claim an average of 5 large commercial jets every year, and up to 25 

commuter airline, corporate and air taxi aircraft. CFIT accidents have declined significantly since the mandatory instal- 
lation of Ground Proximity Warning Systems (GPWS) in all large turboprop and jet aircraft began in 1974. The GPWS equipment 
alerts the crew when the aircraft is flown too close to surrounding terrain by providing instructions for evasive maneuvers, such as: 
“Terrain! Terrain! Pull up! . . ” along with an annunciator and a warning horn. Limitations to early GPWS equipment included a sig- 
nificant number of false signals which led some crews to disable the device. In addition, at times, signals came too late for the crew 
to react appropriately. Little time was left for the pilots to think critically about the warning. 


CFIT risk was reduced by about 20 times 
when the original GPWS equipment was 
installed in aircraft, and subsequent equip- 
ment improvements have reduced the risk by 
approximately 50 times. The next generation 
of equipment, the Enhanced Ground 
Proximity Warning System (EGPWS) 
promises to again lower the accident risk sig- 
nificantly. The augmented system provides a 
visual display to indicate an aircraft's relative 
postion with respect to terrain. [Figure A] The 
EGPWS uses sophisticated flight path algo- 
rithms that predict the aircraft’s future loca- 
tion and scan the area 30° in either direction. 
Wind shear warnings and customized alti- 
tude callouts also are included. In addition, 
the EGPWS gives as much as a 60-second 
advance warning, allowing pilots to take 
effective evasive action. Hopefully, these 
improvements will relegate CFIT accidents 
into the annals of commercial aviation his- 
tory, along with routine engine failures. 


Courtesy of AlliedSignal, Inc 
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AVIATION 
PHYSIOLOGY 


The study of aviation physiology is an 
important part of human factors training. 
How you feel physically has a direct impact 
on how well you fly. As you gain advanced 
certificates and ratings, you become accus- 
tomed to elements of flight, such as motion 
and pressure differences. However, flying 
within the instrument and commercial envi- 
ronments also means that you will be 
exposed to situations you may not have pre- 
viously encountered. You should be aware of 
the effects that these situations have on you 
physically and mentally as you continue 
your professional training. This information 
also will help you understand the reactions 
your passengers may experience, so you can 
better prepare them for flight. 


DISORIENTATION 


Awareness of your body’s position in relation to your environment is a result of input 
from three primary sources: vision, the vestibular system located in your inner ear, and 
your kinesthetic sense. During flight, you may experience disorientation if your brain 
receives conflicting messages from your senses. Kinesthetic sense is the term used to 
describe an awareness of position obtained from the nerves in your skin, joints, and mus- 
cles. Kinesthetic sense is unreliable, however, because the brain cannot tell the differ- 
ence between input caused by gravity and that of maneuvering G-loads. 


In good weather and daylight, you obtain your orientation primarily through your 
vision. In IFR conditions or at night, there are fewer visual cues, and your body relies 
upon the vestibular and kinesthetic senses to supplement your vision. Since these senses 
can provide false cues about your orientation, the probability of disorientation occurring 
in IFR weather is quite high. Fatigue, anxiety, heavy pilot workloads, and the intake of 
alcohol or other drugs increase your susceptibility to disorientation and visual illusions. 
These factors increase response times, inhibit decision-making abilities, cause a 
breakdown in scanning techniques and impair night vision. To alleviate symptoms of 
disorientation, you must rely on and properly interpret the indications of the flight 
instruments. Reducing your workload 
with the use of an autopilot or flight direc- 
tor, and improving your cockpit manage- 
ment skills can help prevent overload and 
the possibility of disorientation. 


Lightheadedness, dizziness, the feeling of 
instability, and the sensation of spinning 
are common symptoms of disorientation. 
Experiencing these sensations during 
flight may either be the result of spatial or 
vestibular disorientation. Although the 
term spatial disorientation often is used to 
describe vestibular disorientation, the two 
terms have different meanings. 
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SPATIAL DISORIENTATION 

Spatial disorientation occurs when there is a conflict between the signals relayed by 
your central vision and information provided by your peripheral vision. Spatial disori- 
entation is more likely when you are in IFR conditions, as your peripheral vision has 
practically none of the references needed to establish orientation. The movement of rain 
or snow seen out the window by your peripheral vision also may lead to a misinterpre- 
tation of your own movement and position in space. This is similar to the illusion of 
motion that you experience when an airplane next to yours begins to taxi away from its 
parking space. Your peripheral vision can misinterpret this visual cue and lead you to 
believe that your stationary airplane is in motion. 


VESTIBULAR DISORIENTATION 


When subjected to the different forces of flight during instrument maneuvers, the 
vestibular system may send misleading signals to the brain resulting in vestibular dis- 
orientation. The vestibular system, located in your inner ear, consists of the vestibule 
and three semicircular canals. The utricle and saccule organs within the vestibule are 
responsible for the perception of gravity and linear acceleration. A gelatinous substance 
within the utricle and saccule is coated with a layer of tiny grains of limestone called 
otoliths. Movement of the vestibule causes the otoliths to shift, which in turn causes hair 
cells to send out nerve impulses to the brain for interpretation. 


The semicircular canals are oriented in three planes to sense yaw, pitch, and roll. The 
canals are filled with a fluid and a gelatinous structure, called the cupula. When the 
body changes position, the canals move but the fluid lags behind, causing the cupula to 
lean away from the movement. Movement of the cupula results in the deflection of hair 
cells which stimulate the vestibular nerve. This nerve transmits impulses to the brain 
which interprets the signals as motion about an axis. [Figures 1-27 and 1-28] 


Otoliths 


Hair Cells 


Ampulla of 
Semicircular Canal 
(Cross Section) 


Cupula 
Hair Cells 


Figure 1-27. The semicircular canals, which lie in 
three planes, sense the motions of roll, pitch, and 
yaw. The vestibular nerve transmits impulses to the 
brain to interpret the motion. 
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DECREASE IN 

RATE OF TURN 
If you decrease the rate of turn, the 
deflection of the hair cells may 
produce a false sensation of a turn in | 
the opposite direction. In this example, 
you experience the sensation of a 
counterclockwise turn. 


~ 
PROLONGED 
\ CONSTANT-RATE TURN 
\ The fluid in the canals eventually reaches 
y equilibrium and the hair ceils are no 
\ longer deflected. You may not sense 
an any motion. 


INITIATING A 
CLOCKWISE TURN 

A clockwise turn deflects the 

hair cells in the direction 

‘opposite’ ‘of the acceleration. 

You experience an accurate 

sensation of the turn direction. 


NO TURN 
lf no acceleration is taking 
place, the cupula is stationary 
and the hair cells are not 
deflected. No sensation of a 
turn is felt. 


Figure 1-28. During a prolonged, constant-rate turn, The majority of the illusions which lead to 
you may not sense any motion since the fluid inthe vestibular disorientation occur when visibility 
semicircular canals eventually reaches equilibrium is restricted. Awareness of these illusions will 
and the hair cells are no longer deflected. aid you in coping with them in flight. It takes 
many hours of training and experience before 
you are competent to fly an aircraft solely by 
reference to instruments. [Figure 1-29] 


= e = ®© 2 
A rapid accaieraiion, during takeoff can cre- 
_ ate the illusion of being in a nose-up atti- 
tude, and an abrupt change from climb o 
straight-and-level flight can create the illusion of tum- 
bling backward. See figure 1-29. y 
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figure 1-29. 
i 
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Actual Flight Path = | Perceived Flight Path 


CORIOLIS ILLUSION 
During a constant-rate turn, if you tilt your head down to change 
a fuel tank or pick up a pencil, the rapid head movement puts 
the fluid in motion in more than one semicircular canal. This 
creates an overwhelming sensation of rotating, turning, or 
accelerating along an entirely different plane. An attempt to stop 
the sensation by maneuvering the airplane may put it into a 
dangerous attitude. To avoid this illusion, do not move your head 
too fast in limited visibility or darkness. 
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a GRAVEYARD SPIRAL i j 
A loss of altitude in a prolonged anirai turn may be 
interpreted as a wings-level descent, which can lead you to 
increase elevator back pressure and tighten the turn, increasing 
your altitude loss. A recovery to wings-level flight may produce 
the illusion that the airplane is in a turn in the opposite direction, Í 
resultiogi | a reentry of the spiral. This feeling must be fought 
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in your semicircular canals quits moving again. 


ee 


is “made to a Bank. If you: mao such a recovery, your 
semicircular canals sense a roll in the opposite direction. This | 
may cause you to reenter the original attitude. When you return 
the aircraft to a wings-level condition, you will tend to lean in the 
direction of the incorrect bank until the semicircular canal fluids 
return to normal. Maintaining a level attitude for a minute or two 
generaly wili iN ae the leans. 
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INVERSION ILLUS 


. An abrupt change f ; ) stri -and-level flight can 

j R create the feeling that you are tumbli ae ward, The effect 

re may cause you to ere the nose ED which may intensify 
the illusion. ù 
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. Several illusions associ- 
ated with the vestibular system can 


\ 
! | —_—— 
create disor ientation. 


a a 


CHAPTER 1 INSTRUMENT/COMMERCGIAL TRAINING AND OPPORTUNITIES 


MOTION SICKNESS . 
Nausea, sweating, dizziness, and vomiting are some of the symptoms of motion sickness 
which often is caused by vestibular disorientation. During visual flight, you overcome 
motion sickness by focusing your eyes on the outside horizon. However, in the clouds, 
precipitation, fog, or haze that constitute IFR conditions, this becomes impossible. To 
overcome motion sickness without outside visual references, you should focus on the 
instrument panel, since it is your only source of accurate position information. 


Lost in the Air 


A figure skater executes a jump, and follows an arcing flight he 
path over the ice. Like a pilot, the skater must remain aware 
of his or her position so that a smooth landing can be made. The skater 
uses a visual reference during the takeoff portion of the jump to maintain 
consistency in the rotation and landing. This reference helps the skater 

balance and know when to open up, stop the rotation, and reach for the | 
ice with the landing foot. If the visual reference is lost, the skater risks 
becoming /ost in the air and unsure of his or her position on the ice. 


During flight, much like the skater, you must use a visual reference to 
maintain orientation. Instrument flight is made more challenging by the 
lack of an outside visual reference. If you become unsure of your posi- 
tion in space, you must learn to rely on the instruments to avoid becom- 
ing lost in the air. 


HYPOXIA 


Hypoxia occurs when the tissues in the body do not receive enough oxygen. Hypoxia 
can be caused by several factors including an insufficient supply of oxygen, inadequate 
transportation of oxygen, or the inability of the body tissues to use oxygen. An insidious 
characteristic of hypoxia is that its early symptoms include euphoria which may prevent 
you from recognizing a potentially hazardous situation. You should remain alert for the 
other symptoms of hypoxia such as headache, increased response time, impaired judg- 
ment, drowsiness, dizziness, tingling fingers and toes, numbness, blue fingernails and 
lips (cyanosis), and limp muscles. The forms of hypoxia are divided into four major 


groups based on their causes: hypoxic hypoxia, hypemic hypoxia, stagnant hypoxia, and 
histotoxic hypoxia. 


' i HYPOXIC HYPOXIA 

P» Symptoms of hypoxia may be difficult to ’ As you progress to airplanes which are 
A recognize before your reactions are capable of flying at high altitudes, you must 

liaren i have a good understanding of the adverse 
physiological effects that can occur due to 
changes in atmospheric pressure. [Figure 1- 
30] Although the percentage of oxygen in 
e decreases proportionately as atmospheric 
t, atmospheric pressure decreases to approx- 
c hypoxia occurs when there are not enough 
pressure to pass between the membranes in 


the atmosphere is constant, its partial pressur 
pressure decreases. For example, at 18,000 fee 
imately one-half of sea level pressure, Hypoxi 
molecules of oxygen available at sufficient 


your respiratory system. 
1-44 = 


ADVANCED HUMAN FACTORS CONCEPTS SECTION B 


Top of the 


_— 14.7 Pounds 


78% Nitrogen 


1% Other Gases 
21% Oxygen 


Area = 1 Square Inch 
Atmosphere 


Figure 1-30. The atmosphere is a mixture of 
gases that exists in fairly uniform proportions 
up to approximately 260,000 feet above the 
earth. Typically, air exerts about 14.7 pounds 
per square inch (Ib/in?) at sea level. As alti- 
tude increases, pressure steadily decreases. 


As you ascend, the hemoglobin that carries the oxygen molecules throughout your body 
receives a lower oxygen saturation. For example, at 10,000 feet MSL, the oxygen satura- 


tion level of the hemoglobin is approxi- 
mately 85%. When the saturation value 

is 85% or lower, your body’s functions 

start to degrade, becoming worse with isos ae 
increased altitude. -tissue E =z 
denly at high altitudes during rapid are i n 

decompression, or it can occur slowly at 

lower altitudes when you are exposed to insufficient oxygen over an extended period of 
time. The time of useful consciousness is the maximum time you have to make a ratio- 


nal, life-saving decision and carry it out following a lack of oxygen at a given altitude. 
[Figure 1-31] 


Hypoxic hypoxia can occur very sud- 


Altitude 


45,000 Ivet MEL 


Figure 1-31. Hypoxic hypoxia is considered to 
be the most lethal of all physiological causes of 
accidents. Beyond the time of useful con- 
sciousness, you may not be able to complete 
even the simplest task, such as speaking on 


the radio. 
25,000 foot MSL 3 to & minutos 


22,000 feet MSL 5 to 10 minutes 


20,000 feet MSL- 30 minutes or more 
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OTHER FORMS OF HYPOXIA 

Hypemic hypoxia occurs when your blood is not able to carry a sufficient amount of oxy- 
gen to your body’s cells. This type of hypoxia can be caused by any condition which 
results in a reduced number of healthy blood cells such as anemia, disease, blood loss, 
or deformed blood cells. In addition, hypemic hypoxia can be caused by any factor, such 
as carbon monoxide poisoning, which interferes with the attachment of oxygen to the 
blood’s hemoglobin. Since it attaches itself to the hemoglobin about 200 times more eas- 
ily than does oxygen, carbon monoxide (CO) prevents the blood from carrying sufficient 
oxygen. As the hemoglobin becomes progressively saturated with CO, the body tissues 
are deprived of oxygen, eventually producing physiological symptoms similar to those 
encountered with hypoxic hypoxia. 


Hypemic hypoxia can be encountered at any altitude; however, hypoxia susceptibility 
due to the inhalation of CO increases as altitude increases. Carbon monoxide can enter 

an airplane through a faulty cabin heater system. With most single-engine airplanes, ven- 
tilation air is heated by flowing through a shrouded cavity which surrounds the exterior 
surface of the exhaust muffler or manifold. If the exhaust system develops a crack or hole 
within the cavity, carbon monoxide can combine with the ventilation air and subse- 
quently be delivered to the cabin. During flight, if you suspect that carbon monoxide is 
entering the cabin, you should immediately shut off the cabin heat, open the fresh air 
vents or windows, and land as soon as possible. As an added precaution, if supplemen- 

tal breathing oxygen is available, you and your passengers should use it until the land- 
ing is made. Even after you have eliminated 

the CO exposure, it can take up to 48 hours 

for your body to dispose of the carbon 

monoxide. [Figure 1-32] » Hypoxia susceptibility due to the inhalation 

Rè of CO increases as altitude increases. 


Muffler Assembly Shroud 


7 <« Figure 1-32. To aid in preventing carbon monoxide poi- 
soning, the cabin heater shroud should be frequently 

| removed from the exhaust system by an appropriately 
certificated aircraft technician. With the shroud removed, 
a thorough inspection can be accomplished to determine 
the condition of the exhaust and heater system. 


Frequent inspections should be made of 
aircraft exhaust manifold-type heating sys- 
tems to minimize the possibility of exhaust 
gases leaking into the cockpit. _ 


If you are a smoker, you most likely contain 
a certain level of CO in your bloodstream at 
any time. Approximately 2.5% of the vol- 
ume of cigarette smoke is carbon monoxide. 
A blood saturation of 4% carbon monoxide 
may result from inhaling the smoke of 3 cigarettes at sea level. This causes a reduction 
in visual acuity and dark adaptation similar to the mild hypoxia encountered at 8,000 
feet MSL. Heavy smokers can have carbon monoxide blood saturation as high as 8%. 
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Stagnant hypoxia is an oxygen deficiency in the body due to the poor circulation of the 
blood. During flight, stagnant hypoxia can be the result of pulling excessive positive Gs, 
or cold temperatures can decrease the blood supply to the extremities. The inability of 
the cells to effectively use oxygen is defined as histotoxic hypoxia. This impairment of 
cellular respiration can be caused by alcohol and other drugs such as narcotics and poi- 
sons. [Figure 1-33] 


HYPOXIC HYPOXIA — Inadequate 
Supply of Oxygen 

The more quickly you ascend, the less 
effective your individual tolerance, and you 
may be less aware of approaching hypoxia. 


HYPEMIC HYPOXIA —Inability of the 

Blood to Carry Oxygen ax 
Smoking at 10,000 feet MSL produces effects o a 
equivalent to those experienced at 14,000 feet 
MSL without smoking. 


GNANT HYPOXIA — Inadequate 

ation of Oxygen 

problem, a consiricted artery, and 
e conditions which can lead to 
xia. 


Figure 1-33. A combination of dif- 
ferent types of hypoxia affecting 
your body may cause you to experi- 
> HYPOXIA — Inability of the Cells to ence symptoms at much lower alti- 
xygen a tudes than expected. 

own that drinking one ounce of 
to about an additional 2,000 
altitude. 


PREVENTION OF HYPOXIA 

Even if you learn the early symptoms of hypoxia, do not assume that you will be able to 
take corrective action whenever they occur. Since judgment and rationality deteriorate 
when you are suffering from hypoxia, prevention is the best approach. Your susceptibil- 
ity to hypoxia is related to many factors, many of which you can control. You can 
increase your tolerance to hypoxia by maintaining good physical condition, eating a 
nutritious diet, and by avoiding alcohol and smoking. If you live at a high altitude and 
have become acclimated, you normally have an increased tolerance to the conditions 
that would lead to hypoxia compared to a person living at a lower altitude. 


Your body requires more oxygen during physical activity. For example, you risk becom- 
ing hypoxic more readily when you are flying the aircraft manually in turbulent IFR con- 
ditions than during a smooth VFR flight. In addition, as your body copes with 
temperature extremes in the cockpit, you are using energy, which is comparable to 
increased activity. 
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SUPPLEMENTAL OXYGEN 
If you are planning a flight with a cruise altitude over 12,500 feet MSL, you should 


review FAR Part 91 for the requirements regarding supplemental oxygen. ee 1-34] 
As a general rule, the FAA recommends that you begin using supplementa ee 
whenever you are flying at cabin pressure altitudes greater than 10,000 feet MSL nape 
the day. However, since night vision acuity is highly affected by the partial pressure © 

oxygen, the FAA recommends the use of supplemental oxygen above a cabin P 
altitude of 5,000 feet while flying at night. Chapter 11, Section B — Environmental an 

Ice Control Systems describes the various supplemental oxygen systems used in aircraft, 


SUPPLEMENTAL OXYGEN REQUIREMENTS 


Flight crew must use O; for flight's duration. Oz must be provided to each occupant. 

Figure 1-34. You are 
15,000 feet MSL $ í required by FAR Part 91 to 
begin using supplemental 


pæ oxygen after 30 minutes 


above 12,500 feet MSL. 


Flight crew must use Oz for flight's duration. 


14,000 feet MSL 


Flight crew must use Oo after 30 minutes. 


12,500 feet MSL 


HIGH-ALTITUDE TRAINING 

Aircraft cabin pressurization is the maintenance of a cabin altitude lower than the actual 
flight altitude by a system which compresses air. Pressurization systems reduce some of 
the physiological problems experienced at high altitudes. However, prior to operating a 
pressurized aircraft, with a service ceiling or maximum operating altitude higher than 
25,000 feet MSL, you must complete high-altitude training. This training consists of 


ground instruction on high-altitude aero- 
dynamics and meteorology, respiration, 
hypoxia, use of supplemental oxygen, and 
other physiological aspects of high-altitude 
flight. More information on high-altitude 
operations is provided in Chapter 11, 
Section B — Environmental and Ice 
Control Systems. [Figure 1-35] 


Figure 1-35. Several single-engine and light twin-engine air- 
craft are pressurized, and you must have a high-altitude log- 


book endorsement before you can operate them as pilot in 
command. 
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DECOMPRESSION SICKNESS 

Decompression sickness (DCS) is a condition caused by a rapid reduction in the ambient 
pressure surrounding the body. When decompression occurs, nitrogen and other inert 
gases which are normally dissolved in body tissue and fluid, expand to form bubbles that 
rise out of solution, much like uncapping a bottle of soda. These bubbles produce a vari- 
ety of symptoms, that range from pain in the large joints of the body, such as elbows, 
shoulders, hips, wrists, knees and ankles, to seizures and unconsciousness. These symp- 
toms tend to increase in severity depending on the rate and amount of pressure change 
and, if severe enough, can result in death. When DCS develops as a result of the 
decreased pressure at high altitude, it is commonly referred to as high-altitude sickness 
or altitude-induced DCS. 


Pressure changes resulting from underwater activities such as scuba diving can cause 
DCS. For example, when diving from sea level to a depth of 33 feet, the resulting water 
pressure can subject a body to twice the sea level air pressure. When combined with 
breathing high pressure air from diving equipment, there is a significant increase in the 
amount of nitrogen dissolved in the body. If the nitrogen level does not stabilize during 
ascent to the water surface, DCS may occur. Even after a dive, it will take a period of time 
for the body to completely eliminate the excess nitrogen. If the nitrogen is not removed, 
a flight at high cabin altitudes may produce severe symptoms of altitude-induced DCS. 
[Figure 1-36] 


The recommended waiting time before 


Figure 1-36. If you or a “| ascending to 8,000 feet MSL is at least 12 
passenger plan to fly after a | hours after a dive which has not required 
scuba diving, it is important that i | a controlled ascent (nondecompression 
enough time is allowed for the j q | stop diving), and at least 24 hours after a 
body to rid itself of excess as J ‘ | dive which has required a controlled 


nitrogen absorbed during diving. ascent (decompression stop diving). The 


waiting time before ascending to flight 
altitudes above 8,000 feet MSL should be 
at least 24 hours after any scuba dive. 


Normally, altitude-induced DCS is not experienced below 29,000 feet unless the ascent 
has been extremely rapid or there has been exposure to a high ambient pressure envi- 
ronment before flying. However, a situation that can significantly increase its potential 
is encountered when a pressurized airplane rapidly decompresses while at altitude. 
Although rapid decompressions are rare, if you encounter one, you should be extremely 
alert to DCS symptoms. Even after the flight, you should continue to watch for symptoms 
for a couple of days. In addition, if the decompression occurred with passengers, you. 
should brief them on the possible delayed effects so they will also continue to monitor 
their own condition. If symptoms do occur, supplemental breathing oxygen should be 
used until proper medical treatment can be obtained, since oxygen tends to help flush 
the nitrogen from the body. 
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HYPERVENTILATION 


Hyperventilation is a physiological] disorder that develops when too much pel aa 
(CO,) has been eliminated from the body, usually caused by breathing ie ie ae 
deeply. Without a sufficient quantity of CO3, normal respiration is disturbed, pr ee 
symptoms that resemble hypoxia. If you are hyperventilating, you may eee 
drowsiness, dizziness, shortness of breath, and feelings of suffocation. In addition, 
hyperventilation may produce a pale, clammy appearance and muscle Dea i 
pared to the cyanosis and limp muscles associated with hypoxia. An exces Oss O 
CO, from your body can lead to unconsciousness due to the respiratory system S over- 
riding mechanism to regain control of breathing. After becoming unconscious, ie 
breathing rate will be exceedingly low until enough CO, is produced to stimulate the 
respiratory center. 


Hyperventilation can be triggered by ten- 

a at toa n sion, fear, or anxiety. Slowing g 

Hyperventilation may cause you to exp + breathing rate, talking aloud, or il 

Rd zin d 4 ing vin a paper bag normally — t 

breath, some of suffocatior The N body s proper carbon dioxide a ; 

condition is usually caused by an insufficient supply of While yoy aac ag al hy crea i 
carbon dioxide, produced by oraaa loo g ora S tion in a stressful situation, you shou 


- w» = be especially alert to the symptoms of 
ia C i bag pi ka D a~ hyperventilation in passengers who may 
m _ _— feel anxious about flying. 
STRESS 


Stress is the body’s reaction to 
the physical and psychological 
demands placed upon it. You 
may typically think of stress as 
negative, such as the work- or 
family-induced stress that may 
confront you in daily living. 
However, stress can be positive 
as well. When your body is placed under stress, chemical hormones are released into the 
blood, and your metabolism speeds up. Heart rate, respiration, blood pressure, and per- 
spiration all increase. A small amount of stress is good since it helps keep you alert and 


aware. When stress builds, however, it interferes with your ability to focus and cope with 
a given situation. 


vercome the sym te cial 
nould slow yo eathing rate. 
‘J i 7 -n a = 


For example, a normal flight contains a certain amount of stress, depending on the 
weather, your familiarity with the route and destination, and the condition of the air- 
plane. Since stress is cumulative, you also bring into the flight varying degrees of stress 
left over from the other areas of your life. Trouble with a spouse or parent, tension on the 


job and major life changes can cause large amounts of stress that affect your ability to fly. 
[Figure 1-37] 


FATIGUE 


Fatigue deserves special mention when considering the instrument and commercial 
flight environments. As an instrument pilot, your level of concentration may need to be 
highest at the end of a flight, when you are most likely to be tired. If you Operate as a 
commercial pilot for hire, you may be asked to fly many times in one day, 
in a row, and you may feel tired as you adapt to the schedule. Since both re 
are typically more demanding than a personal flight in VFR conditions, 


several days 
alms of flight 
any residual 
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fatigue you have, from lack of sleep to excess physical Figure 1-37. Stress comes from many dif- 
work, may significantly affect your ability to operate ferent sources, and its cumulative effects 
safely. Many accidents attributed to pilot error occur at Can interfere with your capacity to operate 
the end of a long duty day, when cockpit crews are tired 2" aircraft safely. 

and pilot performance suffers. 


The cockpit environment also adds to your fatigue level, due to noise and vibration. If 
you do not already own one, you will find that purchasing a headset is one of the best 
investments you can make as a pilot. Make sure the headset fits snugly, and is at least 
noise-attenuating. Low-cost earplugs are also beneficial, and you should carry some for 


passenger use during flight. 


No amount of training will allow you to overcome the effects of fatigue. Getting adequate 
rest on a regular basis is the only way to perform at your best. A drug or remedy touted 
as a panacea for those who are chronically tired should be treated with caution. It is wise 
not to rely on any drug to help you offset fatigue, since there is no substitute for a good 


night’s sleep. 


sul 
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The Key to Success is Knowing When to Quit | | 
On June 4, 1935, two brothers, Fred and Algene Key, took off in a Curtiss Robin named Ole Miss from the airport at 
Meridian, Mississippi. The Ole Miss did not touch down until July 1 after remaining aloft 653 rour and = minutes 
— a total of 27 days. The airplane was refueled and the brothers received supplies in flight from another airplane 432 times. 


A metal catwalk had been constructed around the front of the fuselage to enable the Keys to ubicate the engine and conduct 
emergency repairs. Since Fred was the smalier of the two brothers, he was tasked with cnomgg out on the oniwalk when neces- 
sary. The Key brothers endured thunderstorms, an electrical fire in the cabin, and a close call with turbulence while Fred was on 
the catwalk, but perhaps their greatest obstacle was fatigue. 


By June 30 the stress and fatigue of the gru- 
eling flight had taken its toll and 
it was apparent the broth- 

ers would not be able to 

stay aloft until July 4, 

their original target 

date. 


The constant vibration 

was causing two types 

of fatigue: metal fatigue in 

which wires and braces were 
threatening to weaken and men- 
tal fatigue which created disorienta- 
tion in the pilots. Nerve shock and shear 
weariness caused the Key who was resting 

to have to take as many as five minutes before he could wake and get his bearings. Under such circumstances, emergencies 
could not be dealt with easily. — The Flying Key Brothers and Their Flight to Remember, by Stephen Owen 


Upon landing, a crowd of 35,000 to 40,000 spectators flocked to pay tribute to the exhausted aviation heroes. The mob lifted the 
weary heroes from the plane after the Ole Miss touched down on the newly christened Key Field. 


ALCOHOL AND DRUGS 


Anytime you are ill enough to require medication, you should closely examine your 
plans to conduct a flight. Many drugs that are used to alleviate symptoms of illness and 
disease also have side effects that interfere with your ability to fly safely. Prior to flying 
you should consult an aviation medical examiner about any medication you are using. 


Alcohol and other depressants impair the body’s functioning in several critical areas, 
causing decreased mental processing and slow motor and reaction responses. Due to the 
high level of performance required by instrument and commercial flight operations, 
using depressants while acting as pilot in command severely increases your risk of an 
accident. The FARs specifically state that you should not fly within 8 hours of using 
alcohol, or when you have a blood alcohol level of .04% or greater. However, the regula- 
tions also state that anytime your ability is impaired by alcohol or any drug, you are unfit 

for flight. Most commercial flight depart- 
= m — ments require 12 or 24 hours to pass 


Judgment and decision-makin dabil i ì before allowing their pilots to fly after 
be adversely atiected b ms G using alcohol. This is a policy that all 


AS : 
amounts of alcohol. 4 pilots should find beneficial to flight 
NA ol $ safety since judgment and decision- 
making abilities can be adversely affected 
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Commercial airlines and most flight departments conduct random and pre-hire drug 
tests to reinforce the idea that drugs should stay out of the cockpit. Illicit drugs can cause 
hallucinations and other withdrawal effects that last long after the drugs have been 
taken. [Figure 1-38] 


The Fairchild Metro III impacted terrain 5.3 nautical miles short of the runway 
during a VOR/DME approach to the Las Animas County Airport in Durango, 
Colorado. Night instrument meteorological conditions prevailed. The first officer 
was flying, with the captain supervising. The evidence indicated that the captain 
had used cocaine within 10 to 18 hours before the flight. The NTSB concluded 
that the captain’s performance was degraded by fatigue caused by withdrawal 
from the cocaine and that he did not effectively monitor the first officer’s 
approach. 


Witnesses reported seeing the Grumman American AA-5B flying at 
tree height when it struck a power line. Following the wire strike, 
flames erupted from the airplane, and it flew for another mile before 
hitting a second power line and crashing. A toxicology test revealed 
that the pilot was under the influence of marijuana at the time of the 
crash. 


. ro L Ap ae à 1 bp 
Figure 1-38. These accidents graphically illustrate 


LE = tO 


why drugs and flying do not go together. 


I"T a De e c Crn ro EI ifm tT 
FITN SS FOR FLiG 


Your overall health has a large impact on how 
you fly. A general program of exercise and a bal- 
anced diet will improve your mental clarity and 
energy level, and your piloting skills will benefit. 
[Figure 1-39] 


Ire 1-39. An exercise regimen can be as little as 30 minutes of 


least 3 times a week s amount of exercise increase 


1-54 


CHAPTER 1 i ais 
: äž ; i. — i) T i E a eas 


EERE 


INSTRUMENT/COMMERGIAL TRAINING AND OPPORTUNITIES 


Physiology of the Final Frontier 


The International Space Station (ISS) is one of the 
greatest international scientific and technological 
endeavors ever undertaken. [Figure A] Thirteen nations around the 
world are uniting to create this permanent laboratory where gravity, 
temperature, and pressure can be manipulated for a variety of sci- 
entific and engineering pursuits in ways that are impossible in 
ground-based laboratories. 


To better prepare crews for missions aboard the ISS, NASA has a 
wide variety of programs in place to study the physiological effects 


INTERNATIONAL %. of living in space. As humans 
SPACE STATION travel to the low-gravity envi- 


ronment of Earth orbit, virtually every system in the body, from bones and muscles to the 
_ immune system, is affected. The physiological effects of weightlessness include bone loss, 
atrophy of muscles, and motion sickness. One of the objectives of the Biomedical 
Research and Countermeasures Program, managed by the NASA Johnson Space Center, 
is to study the problems associated with extended periods of flight that will be characteris- 
tic of ISS missions and of missions to explore the solar system. Researchers are working 
to develop methods that will allow humans to live and work in microgravity for durations of 
"over a year and to minimize the risks in readapting to Earth’s gravity. 


Another research program, the COIS (Canal and Otolith Integration Studies) Investigation is 
“s ~~ designed to study changes in the coordination of head and eye movements associated with 
adaptation to microgravity, and to examine how vestibular and visual information is processed in the absence of a gravitational 
reference. 


Assembly of the ISS will require hundreds of hours of space walks, or extravehicular activities (EVAs). The goal of the Neutral 
Buoyancy Lab (NBL) located at the Johnson Space Center is to prepare for space missions involving EVAs. NASA team mem- 
bers utilize the NBL to develop flight procedures, verify hardware compatibility, train EVA astronauts, and refine EVA operations. 
[Figure B] The ability to successfully and predictably perform assembly and maintenance operations in orbit is critical to the suc- 
cess of future space endeavors. 


The history of aviation has involved not only improvements in aircraft design and equipment, but also an increased understand- 
ing of how our minds and bodies function in flight. Both endeavors are crucial to flight safety. Now, as we develop new technol- 


ogy to venture out and investigate the solar system, human factors come to the fore. In order to explore the universe, we must 
first explore ourselves. 


We used to joke about canned men, putting people in a can 
and seeing how far you can send them and bring them back. 
That's not the purpose of this program... Space is a labora- 
tory, and we go into it to work and learn the new. 

— John H. Glenn Jr. 


Photos and emblem courtesy of NASA 
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Before each flight, a run-through of the I’m Safe Checklist will aid you in determining 
your fitness for flight. In broad terms, ask yourself about any reservations you have con- 
cerning the flight. Am I ill, or taking any drugs that might affect my safety as a pilot? 
Have I had enough rest? Did I eat a good breakfast? Are my issues at work going to inter- 
fere with my concentration level in the airplane? If you have any reservations about your 
ability to make the flight, save the trip for another time. Do not let the pressures of return- 
ing home, or impressing friends, 
or proving your worth as a pilot 
disrupt your honest evaluation of 
your fitness to fly. None of these 
reasons have anything to do with 


your skill, but they have every- 
thing fo doa with good judgment Medication - Have | been taking prescription or 


i over-the-counter drugs? 
[Figure 1-40] TA 


Stress - Am | under psychological 
pressure from the job? Worried about 
financial matters, health problems, 

or family discord? 


Aicohol - Have | been 
drinking within 8 hours? 
Within 24 hours? 


Figure 1-40. The I’m Safe Checklist is a good 
tool to help you evaluate your fitness for flight. Fatigue - Am | tired and 
not adequately rested? 


Eating - Am | adequately 
nourished? 


SUMMARY GHECKLIST 


/ Aeronautical decision making is a systematic approach to the mental process used 
by aircraft pilots to consistently determine the best course of action in response to 
a given set of circumstances. 


/ Approximately 75% of all aviation accidents are attributed to human 
factors-related causes. 


/ The focus of CRM programs is the effective use of all available resources: human 
resources, hardware, and information. 


/ When two pilots share the cockpit, each pilot’s responsibilities must be defined 
before the flight. 


/ Studies have identified five hazardous attitudes which can interfere with a pilot’s 
ability to make sound decisions and exercise authority properly. 
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/ Readback of ATC clearances is crucial in the IFR environment. You should not 


assume controller silence after a readback is verification of your transmission. 


/ Your cockpit resources will increase as you fly more complex aircraft with 
advanced systems. If you are not thoroughly familiar with the equipment in your 
aircraft or you rely on it so much that you become complacent, flight safety is com- 


promised. 


/ Since your duties in the cockpit are not evenly distributed over time, you must use 
prioritizing and planning to effectively manage your workload. 


/ Maintaining situational awareness is perhaps the largest challenge to an instru- 
ment pilot, and requires you to have a solid mental picture of the flight, from your 
own fitness and that of passengers to the operating conditions of the airplane, 
weather trends, and ATC instructions. 


/ Controlled flight into terrain (CFIT) occurs when an aircraft is flown into terrain or 
water with no prior awareness on the part of the crew that the crash is imminent. 


/ When there is a conflict between the information relayed by your central vision 
and your peripheral vision, you may suffer from spatial disorientation. 


/ When subjected to the various forces of flight, the vestibular system can send mis- 
leading signals to the brain resulting in vestibular disorientation. 


J Hypoxia occurs when the tissues in the body do not receive enough oxygen. 
Hypoxia can be caused by several factors including an insufficient supply of oxy- 
gen, inadequate transportation of oxygen, or the inability of the body tissues to use 
oxygen. 


/ Hypoxic hypoxia occurs when there are not enough molecules of oxygen available 
at sufficient pressure to pass between the membranes in your respiratory system. 


v Hypemic hypoxia occurs when your blood is not able to carry a sufficient amount 
of oxygen to your body’s cells. 


y Since it attaches itself to the hemoglobin about 200 times more easily than does 
oxygen, carbon monoxide (CO) prevents the blood from carrying sufficient oxygen. 


v Stagnant hypoxia is an oxygen deficiency in the body due to the poor circulation of 


the blood. During flight, stagnant hypoxia can be the result of pulling excessive 
positive Gs. 


Y The inability of the cells to effectively use oxygen is defined as histotoxic hypoxia. 


This impairment of cellular respiration can be caused by alcohol and other drugs 
such as narcotics and poisons. 


If you are planning a flight with a cruise altitude over 12,500 feet MSL, you should 
review FAR Part 91 for the requirements regarding supplemental oxygen. 


Prior to operating a pressurized aircraft with a service ceiling or maximum operat- 
ing altitude higher than 25,000 feet MSL, you must complete high-altitude training. 


V Hyperventilation is a physiological disorder that develops when too much carbon 


dioxide (CO,) has been eliminated from the b d i 
o e body, usually caused by breathing too 
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¥ Decompression sickness (DCS) is a condition caused by a rapid reduction in the 
ambient pressure surrounding the body causing nitrogen and other inert gases 
which are normally dissolved in body tissue and fluid to expand and form bubbles. 
These bubbles produce a variety of symptoms that range from pain in the large 
joints of the body to seizures and unconsciousness. 


vy Ifyou or a passenger plan to fly after scuba diving, it is important that enough time 
is allowed for the body to rid itself of excess nitrogen absorbed during diving. 


Y Stress is the body’s reaction to the physical and psychological demands placed 
upon it, and it can adversely affect your ability to fly safely. 


V When you are fatigued, you are more prone to error in the cockpit. No amount of 
training will allow you to overcome the effects of fatigue. Getting adequate rest on 
a regular basis is the only way to perform at your best. 


Y Prior to flying you should consult an aviation medical examiner about any med- 
ication you are using. 


v Improving your overall fitness can have a positive effect on your performance as a 
pilot. 


/ Preflight use of the I’m Safe Checklist will help ensure you are fit for flight. 
KEY TERMS 


Aeronautical Decision Making 


Hypoxia 
(ADM) 


Hypoxic Hypoxia 
Crew Resource Management (CRM) 


Time of Useful Consciousness 
Pilot-In-Command Responsibility 

Hypemic Hypoxia 
Hazardous Attitudes 


Stagnant Hypoxia 
Communication 


Histotoxic Hypoxia 
Resource Use 


Supplemental Oxygen 
Workload Management 


High-Altitude Training 
Situational Awareness 


Decompression Sickness (DCS) 
Controlled Flight Into Terrain (CFIT) 


Hyperventilation 
Kinesthetic Sense 

Stress 
Spatial Disorientation 

Fatigue 
Vestibular Disorientation 

I’m Safe Checklist 


Motion Sickness 
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Instrument/Commercial 
Part I, Chapter 2—Principles of Instrument Flight 


To fly under Instrument Flight Rules (IFR), you need to control an aircraft while reading 
charts, tuning radios, and performing a variety of other complex tasks. During your train- 
ing, you will study and practice attitude instrument flying until it becomes second 
nature. One essential skill for successful instrument flying is instrument interpretation. 
You need a good working knowledge of each of the instruments before you can interpret 
them consistently and accurately. 


The instruments which provide information about the airplane’s attitude, direction, alti- 
tude, and speed are collectively referred to as the flight instruments. These instruments 
are categorized according to their method of operation. Gyroscopic instruments, a con- 
venience for VFR flight, are an absolute necessity for IFR flight. The pitot-static instru- 
ments also are essential when flying IFR. In the IFR environment, proper instrument 
interpretation is the basis for aircraft control. Knowing these instruments and systems 
will help you determine quickly what the instruments are telling you and translate it 
into an appropriate control response. This will enhance your safety under IFR. 


The FARs require certain instruments for IFR flight. [Figure 2-1] The altimeter and static 
system, as well as the transponder, must have been inspected within the preceding 24 
calendar months. It is your responsibility as pilot in command to determine that each 
system has been checked and found to meet FAR requirements for instrument flight. 


© i j i 
Attitude Indicator Altimeter 
e) Clock 


Gyroscopic rate-of-turn 
indicator, and slip/skid 
indicator 


æ Sensitive altimeter 
=J adjustable for barometric 
pressure 


A clock displaying hours, 
minutes, and seconds with a 


sweep second pointer or 
digital presentation 


Gyroscopic pitch and bank 
indicator (artificial horizon) 


l Gyroscopic direction 
Q Turn Coordinator @ Heading Indicator indicator (directional gyro 


or equivalent) 


Figure 2-1. In addition to the instruments re 


re Unde ier. quired for VFR flight, these instruments are required 
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GYROSCOPIC 
FLIGHT 
INSTRUMENTS 


The three gyroscopic instruments in your aircraft 
are the attitude indicator, heading indicator, and 
turn coordinator. On most small airplanes, the vac- 
uum system powers the attitude and heading indi- 
cators [Figure 2-2], while the electrical system 
powers the turn coordinator. Gyroscopic instrument operation is based on two funda- 
mental concepts that apply to gyroscopess — rigidity in space and precession. 


| Attitude 
| Indicator 


Engine-Driven 
Vacuum Pump 


| Heading 
Indicator 


Overboard 


wearin Vent Line 


Vacuum Air Filter Relief Valve 


@ Suction 
Gauge 


Figure 2-2. The vacuum system draws air in through a filter assembly. The air then moves 
through turbines in the attitude and heading indicators where it causes the gyros to spin at up to 
18,000 r.p.m. The airflow continues on to the engine-driven vacuum pump where it is expelled. A 
relief valve prevents the vacuum pressure from exceeding prescribed limits. 
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proper operation. 
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A gyro depends upon the resistance to 
~ es . . . 
deflection of its internal, spinning disc for 
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RIGIDITY IN SPACE 

Rigidity in space refers to the principle that a 
wheel with a heavily weighted rim spun rapidly 
tends to remain fixed in the plane in which it is 
spinning. By mounting this wheel, or gyroscope, 
on a set of gimbals, the gyro is able to rotate freely 


in any plane. If the gimbals’ base tilts, twists, or otherwise moves, the gyro remains in os 
plane in which it was originally spinning. [Figure 2-3] This principle allows a gyroscope to be 
used to measure changes in the attitude or direction of an airplane. 


Figure 2-3. Regardless of the 
position of its base, a gyro tends 
to remain rigid in space, with its 
axis of rotation pointed in a con- 
stant direction. 


Seat of the Pants? 


Today we take gyroscopic flight instruments for granted. It was not always apparent that the unique properties of 
spinning gyros offered the solution to the problem of controlling an aircraft in instrument meteorological conditions. 


Some early aviators scoffed at the notion of using delicate flight instruments, preferring to rely on their senses. Their “instruments” 
consisted of weighted strings hanging from windscreens and silk stockings tied to wing struts. The wiser aviators quickly learned 
these tools were inadequate when flying in the mist, where even the most talented seat-of-the-pants flyers could be in a spin or 
inverted without even knowing it. An important invention was needed before safe flight in the clouds was possible. 


+x = —— 


Courtesy of Sperry Marine, Inc. 


Elmer A. Sperry founded the Sperry Gyroscope Company in 1910, after playing with a 
child's spinning top and realizing the potential for navigation. Sperry first invented a sta- 
bilizer system for ships and then determined gyroscopic principles could be applied to 
instruments of flight. He invented the bank and turn indicator in 191 8, followed by the 
gyrocompass and the artificial horizon. These three basic gyro instruments are still in 
use today. 
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PRECESSION 


When an outside force tries to tilt a spinning gyro, the gyro responds as if the force had 
been applied at a point 90° further around in the direction of rotation. This effect is called 
precession, because the cause precedes the effect by 90°. [Figure 2-4] Unwanted preces- 
sion is caused by friction in the gimbals and bearings of the instrument, causing a slow 
drifting in the heading indicator and occasional small errors in the attitude indicator. 


Figure 2-4. When a force (including friction) acts to tilt a spinning gyro, the effect of that force is 
felt in the direction of rotation 90° from where the force is applied. 


ATTITUDE INDICATOR 


The attitude indicator, or artificial horizon, is a mechanical sub- 
stitute for the natural horizon. It is the only instrument that gives 
you an immediate and direct indication of the airplane’s pitch 
and bank attitude. During your integrated private pilot training 
you learned to use the attitude indicator with outside visual ref- 
erences to control the aircraft precisely. During your instrument 
training, the attitude indicator will become the central part of 
your scan; you will use the attitude indicator to make precise 
adjustments to the aircraft’s pitch and bank without outside 
visual reference. 


Force is 
applied here. How IT WORKS 
The heart of the attitude indicator is a gyro that spins in 
the horizontal plane, mounted on dual gimbals that allow 
it to remain in that plane regardless of aircraft movement. 
Before the gyro can spin in the horizontal plane, it must 
erect itself. While the aircraft is taxiing, gravity provides 
ae Porc the force to level the gyro. On a vacuum-driven attitude 
is applied here. indicator, this is accomplished through the action of pen- 


dulous vanes. [Figure 2-5] 


Figure 2-5. Air exits the gyro assembly through four ports at right angles to each other located near the base 
of the assembly. These ports can be individually blocked and opened by pendulous vanes which swing in front 
of them. 


Bank Reference 


The airplane basically 

rotates around the N 
attitude indicator gyro, Miniature 
which remains rigid in Airplane 
space and parallel to the Reference 
horizon. The bank 

reference is attached 

directly to the longitudinal 

gimbal mount. 


The pitch reference has a linkage 
to reverse the gyro movement so 
that the horizon bar moves down 
to indicate a nose-up attitude, 
and vice versa. 


Applied Force Precession 


If the gyro tilts in such a way that it is not parallel to the ground or horizon, gravity swings some of the pendulous vanes 
open and others closed. The differential thrust from the air exiting the ports acts to tilt the gyro back to level. Because of 
precession, the effect of the differential thrust is felt 90° in the direction of gyro rotation. ze 
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ERRORS 
Errors in modern attitude indicators are usually very minor, resulting in less than 5 ° of 
bank error and 1 bar width of pitch error in a 180° turn. These errors occur because the 
pendulous vanes act on the attitude indicator’s gyro in an undesirable way during turns. 
Since the gyro is parallel to the horizon, and the G-force inside the airplane is toward the 
bottom of the airplane (not directly down the gyro’s axis of rotation), the vanes open 
asymmetrically and cause the gyro to precess. The same action which erects the gyro 
during taxi tries to line up the gyro with 
the G-force from the turn. Errors in both 
pitch and bank indication are usually at i Errors in both pitch and bank indication are 
a maximum as the aircraft rolls out of a Rd usually at a maximum as the aircraft rolls 


180° turn, and cancel after 360° of turn. out of a 180° turn. Other errors occur dur- 
[Figure 2-6] ing acceleration and deceleration. See Figure 2-6. 


During coordinated turns, the gyro When rolling out of a steep 180° turn to 

precesses toward the inside of the turn the right, the miniature aircraft on an 
attitude indicator will show a slight climb 
and turn to the left. 


When rolling out from a 180° skidding turn 
to straight-and-level coordinated flight, the 
miniature aircraft snows asturnin te 
direction opposite the skid. 


are adversely influenced by centrifugal force during turns i | 
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Acceleration and deceleration also may induce precession errors, depending on the 
amount and duration of the force applied. During acceleration, the horizon bar moves 
down, indicating a climb, which, unfortunately reinforces the same illusion a pilot can 
experience during acceleration. That illusion, called somatogravic illusion (see Chapter 
1) falsely makes a pilot feel the aircraft is in a nose-high attitude. If you apply control 
pressure to correct this indication, it will result in a lower pitch attitude than the instru- 
ment shows. The danger is that your angle of climb when accelerating for a missed 
approach may be too shallow to clear obstacles. 


INSTRUMENT TUMBLING 

As long as sufficient vacuum is maintained, modern attitude indicators usually are very 
reliable instruments. Some are designed to function properly during 360° of roll or 85° 
of pitch. When the gimbals in older indicators hit their limits, the gyros precess rapidly, 
or tumble, from their plane of rotation. This generally occurs beyond approximately 100° 
of bank or beyond 60° of pitch. A tumbled instrument is unusable and may take several 
minutes to re-erect itself. Some of these instruments employ caging devices to prevent 
the gyro from tumbling or to stabilize the spin axis after it has tumbled. 


HEADING INDICATOR 

A gyroscopic heading indicator is required for IFR flight. When properly set, this instru- 
ment is your primary source of heading information. Because changes in heading during 
coordinated flight imply the wings are not level, the heading indicator also indirectly 
indicates bank. 


How IT WORKS 

The heading indicator usually is vacuum powered and senses rotation about the air- 
crafts vertical axis. In most training airplanes, the heading indicators contain free (as 
opposed to slaved) gyros. This means they have no automatic, north-seeking system 
built into them. For the heading indicator to display the correct heading, you must align 
it with the magnetic compass before flight and recheck it periodically during flight. 
[Figure 2-7] 


Gimbal Rotation Main Drive Gear Compass Card Gear 


axis, and its support gimbals drive 
the compass card, which is parallel 
to the panel, through a bevel gear. 


A second gear normally disengaged, is 
turned by pushing in the setting knob to 
retate the heading card independently of 
the gyroscope. On many indicators, pushing 
in the setting knob also mechanically 
nudges the gyroscope wheel back to the 
vertical plane, if it has precessed. 


Gimbal Gyro 


Figure 2-7. The heading indicator 
gyro spins in a vertical plane. 
Rigidity in space keeps the gyro 
pointing in the same direction as the 
aircraft turns about its vertical axis. 
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ERRORS 


If the airplane were never pitched or banked, the heading indicator’s gyro could turn 
freely within a single gimbal with negligible error. Because an airplane does more than 
yaw, an additional gimbal is needed to allow free rotation of the gyro. Precession can 
cause the heading to drift from the proper setting, so you must check the heading indi- 
cator against the magnetic compass at approximately 15-minute intervals during flight. 
When you reset the heading indicator, make sure you are in straight-and-level, unaccel- 
erated flight to ensure an accurate magnetic compass indication. Like the attitude indi- 
cator, the heading indicator may tumble during excessive pitch and roll conditions. If the 
indicator has tumbled, you must realign it with a known magnetic heading or with a sta- 
bilized indication from the magnetic compass. 


TURN INDICATORS 


The turn indicator allows you to establish and maintain constant rate turns. A standard-rate 
turn is a turn at a rate of 3° per second. At this rate you complete a 360° turn in 2 minutes. The 
bank required to maintain a specific rate of turn increases with true airspeed (TAS). You can 
calculate the approximate required bank for a standard-rate turn in light training aircraft using 
the following formula: 


Angle of Bank = [True Airspeed in Knots + 10] + 5 


At 100 knots, you must bank the airplane approximately 15° to make a standard-rate 
turn. To avoid the need for excessive angles of bank, the turn indicators on high-speed 
airplanes are calibrated for half-standard-rate turns. [Figure 2-8] 


Figure 2-8. Turbine aircraft often use P A slandard-rate turnis oipe 

4 minute turn indicators to avoid the - È takes 60 seconds to turn 180°. A half-stan- 
steeper banks associated with higher dard-rate turn is 1-1/2° per second. It takes 
speeds. Your instrument training air- 4 minutes to turn 360°. i 
craft probably has a 2 minute turn y 


coordinator. 


This 4 minute turn-and-slip 
indicator also depicts a standard 
rate turn (2 minutes to turn 360°) 
when the needle points 

to the reference mark. 


This 2 minute turn coordinator 
indicates a standard rate turn 
(2 minutes to turn 360°) 
when the indicator points 
to the reference mark. 


Unlike the 2 minute turn indicator, 
this instrument is calibrated so a 
one-needle-width deflection 

precisely indicates a half-stand 
rate turn (4 minutes to turn 36 


4 MIN TURN 


$ 
P» During a constant-bank level turn, an 
CN, Increase in airspeed results in a decreased 


rate of turn, and an increased turn radius. 
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There are two types of turn indicators; the older turn-and-slip indicator and the turn 
coordinator. These instruments have different appearances and work a little differently. 
Both instruments indicate rate of turn, but because of the improved design of the turn 
coordinator, this instrument also indicates rate of roll as you enter a turn. [Figure 2-9] 
Since a coordinated turn requires the aircraft to be banked, both the turn-and-slip indi- 
cator and the turn coordinator give you an indirect indication of bank. If other bank 
instruments fail, it is easier to control the aircraft with the turn coordinator because of 
the additional information it provides. Because the turn coordinator has largely replaced 


the turn-and-slip indicator in modern training aircraft, this book will mostly refer to that 
instrument. 


The inclinometer is the part of the turn coordinator that contains the fluid and the ball. 
The position of the ball indicates whether you are using the correct angle of bank for the 
rate of turn. In a slip, the rate of turn is too slow for the angle of bank, and the ball moves 


Gimbal 
Rotation 


Aircraft 
MLS 
= Yaw 
. Rotation 


3 Force 


Gyro 
Rotation 


AS 
"p 


Gimbal 
Rotation 


Resultant Gyro Gimpal 
Force on Rotation 
Gyro 


TURN-AND-SLIP INDICATOR 
The gyro in the turn-and-slip 
indicator rotates in the vertical 
plane corresponding to the 
aircraft's longitudinal axis. 

A single gimbal limits the 
direction in which the gyro 

can tilt, and a spring tries to 


return it to center. Because TURN COORDINATOR 

of precession, a yawing force The gimbal in the turn coordinator 
causes the gyro to tilt left or is set at an angle, or canted, which 
right as viewed from the allows its gyro to sense both rate 
pilot seat. of roll and rate of turn. 


Canted Gyro 


Figure 2-9. Turn indicators rely on controlled precession for their operation. 


The miniature aircraft of the turn coordina- 
tor directly displays rate of roll and rate of 

i turn information; the turn-and-slip indicator 
only gives the rate of turn. Both instruments indirectly 
indicate the bank attitude; the needle displacement 
increases as angle of bank increases. 
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to the inside of the turn. In 
the ball moves to the outside of the turn. Step on the b 
the side the ball is deflected, to correct an uncoordinate 


Figure 2-10. The inclinometer helps you coordinate a turn by measuring the balance between 


and horizontal component of lift 


centrifugal force (CF) 


Slip. Because of insufficient 
right rudder pressure, the air- 
plane is not turning fast enough 
for this angle of bank. The hori- 
zontal component of lift exceeds 
the centrifugal force which 
opposes the turn. As a result, 
the ball falls to the inside of the 
tum, and passengers fall against 
the right side of the aircraft. 

To balance the forces and 
coordinate the turn, increase 


a skid, the rate of turn is too great for the angle of bank, and 
all, or apply rudder pressure on 
d flight condition. [Figure 2-10] 


(HCL). 


Skid. Excessive right rudder 
pressure forces the airplane to 
turn faster than normal for this 
angle of bank. The horizontal 
component of lift is insufficient to 
overcome the centrifuga! force. 
The ball swings to the outside of 
the turn, and passengers are 
pushed against the left side of 
the of the aircraft. To balance 
the forces and coordinate the 
turn, decrease the amount of 
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Coordinated Turn. The correct 


: amount of right rudder pressure 


turns the airplane at the approp- 
riate rate for this angle of bank. 
The horizontal component of lift 
exactly balances the centrifugal 
force. The ball is centered, and 
passengers feel no side forces. 


the amount of right rudder 
and/or decrease the amount - 
ofbank. . i 


right rudder, and/or increase the 
amount of bank. — 


Slipping or skidding also alters the normal load factor you experience in turns. This happens 
because the wings must generate enough lift to support the weight of the airplane plus over- 
come centrifugal force. Since a skid generates a higher-than-normal centrifugal force, load fac- 
tor is increased. In a slip, load factor decreases 
because centrifugal force is lower than normal. 

The ball of the turn coordinator indicates 
the quality of the turn. The horizontal lift 
component causes an airplane to turn. Ina 
skidding turn, the load factor is increased because of 
the excess centrifugal force. See Figure 2-10. 


INSTRUMENT 


CHECKS 

The preflight check of the gyroscopic flight 
instruments and their power sources is particularly important if departing under IFR. 
Some instruments display warning flags when they lose their source of vacuum or elec- 
tric power. Before turning on the master switch or starting the engine, make sure the 
instruments that have these warning flags are displaying OFF indications. [Figure 2-11] 
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instruments. 


Before you start the engine, listen for any 
unusual mechanical noise. Noise might 
indicate a problem in the electric gyro 
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Prior to engine start, check the turn-and-slip 
indicator to determine if the needle is approxi- 
mately centered and the tube is full of fluid. 


During taxi, the ball should move to the outside of the turn, 
and the needle should deflect in the direction of the turn. 


Figure 2-11. Before turning on the master switch, verify the operation of all instrument failure indicators. 


The inclinometer should be full of fluid, with the ball resting at its lowest point. When 
you turn on the master switch, listen to the electrically driven gyro(s). There should be 
no abnormal noises, such as grinding sounds, that would indicate an impending failure. 


Check the ammeter immediately after starting the 


engine for a positive charging rate, or if your air- 
craft is equipped with a load meter, make sure it 
— indicates a normal value. Listen for the vacuum- 


driven gyros. If they are malfunctioning, you may 
hear them over the noise of the engine. If you sus- 
pect something abnormal, shut down the engine 
and listen to the gyros spin down. The gyros should reach full operating speed in 
approximately five minutes. Until that time, it is common to see some vibration in the 
instruments. When the gyros stabilize, the miniature airplane in the turn coordinator 
and the horizon bar in the attitude indicator should be level while the airplane is 


stopped or taxiing straight ahead. 


During turns, the turn coordinator and heading 
indicator should display a turn in the correct 
direction. The ball in the inclinometer should 
swing to the outside of the turn; since you do 
not bank the airplane on the ground, taxi turns 
are basically skids. Align the heading indicator 
with the magnetic compass. Then, recheck it 
prior to takeoff to ensure it has not precessed 
significantly. A precession error of 3° or less in 
15 minutes is acceptable for normal operations. 


You should include the amme- 
ter and suction gauge in your 
pretakeoff check to ensure the 
gyro instruments are receiving 


Give the vacuum-driven heading indicator — 
and attitude indicator 5 minutes to spin up. 
Make sure that the horizon bar on the atti- 
tude indicator tilts no more than 5° during taxi turns. ` 
After setting the heading indicator to the magnetic _ 
heading, verify that it maintains proper alignment with 
the magnetic compass during taxi turns. 


When making a left taxiing turn, the miniature 
aircraft on the turn coordinator shows a turn 
to the left and the ball moves to the right. 


adequate power. The ammeter should not show a discharge during 
runup, even with lights and pitot heat turned 
on. If the vacuum is outside its normal range, 
the vacuum-driven indicators become unreli- 
able. Some airplanes have vacuum warning 
lights, as well as low and high voltage warn- 
ing lights. [Figure 2-12] 


| Figure 2-12. It is very important to verify the proper operation of your electri- 
F cal and vacuum systems before departing under IFR. 
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MAGNETIC COMPASS 


The magnetic compass is the only direction-seeking instrument in most light airplanes. 
It is a self-contained unit not requiring electrical or suction power. To determine direc- 
tion, the compass uses simple bar magnets suspended in a fluid so it can pivot freely and 


align itself with the earth’s magnetic field. 


ERRORS 


Because the magnetic compass is sensitive to in-flight turbulence, FAA regulations 
require a stable, gyroscopic heading indicator for IFR flight. The heading indicator must 
be synchronized with the compass regularly to give accurate information, and you need 
to know how to effectively navigate with the compass in the event the heading indicator 
fails during flight. In light turbulence, you may be able to use the compass by averaging 
the readings. Other errors and limitations you must consider are magnetic variation, 
compass deviation, and magnetic dip. 


VARIATION 

As an IFR pilot, you do not concern yourself with variation as much as VFR pilots 
because all courses on IFR charts are published as magnetic. However, you do need to 
convert the true winds aloft direction to magnetic before factoring winds into your flight 
planning. Variation is the angular difference between the true and magnetic north poles. 
The amount of variation depends on where you are located in relation to these poles. 
[Figure 2-13] 
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Figure 2-13. lsogonic lines connect 
variation is zero. 


points where variation is equal. The agonic line connects points where 
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Deviation is error due to magnetic interference with metal components in the aircraft, as well 
as magnetic fields from aircraft electrical equipment. Compensating magnets within the com- 
pass housing can reduce, but not eliminate, deviation. These magnets are usually adjusted 
with the engine and all electrical equipment operating in a procedure called swinging the 
compass. Any remaining errors are then recorded on a compass correction card. [Figure 2-14] 


Figure 2-14. A correction card mounted on or 
near the compass telis you what direction to steer 
to get specific headings. If you use this compass 
to fly a magnetic heading (MH) of 180°, you must 
steer a compass heading (CH) of 183° 


Q 


MAGNETIC DIP 

Magnetic dip is responsible for the most sig- 
nificant compass errors. This phenomenon 
makes it difficult to get an accurate compass 
indication when maneuvering on a north or south heading. Magnetic dip exists because 
the magnet in the compass tries to point three dimensionally toward the earth’s magnetic 
north pole, which is at a point deep inside the earth. [Figure 2-15] Magnetic dip is 
responsible for compass errors during turns and during acceleration. This section 


i 


i Magnetic deviation varies for different 


headings of the same aircraft. 


When directly above the earth's magnetic | 
north pole, a magnet tries to point straight : 
down, resulting in the greatest possible { 
error from magnetic dip. 


Figure 2-15. Because of the direction of the 
earth’s lines of magnetic force, magnetic dip is 
most pronounced near the poles and negligi- 
ble near the equator. 
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At the equator, a magnet points more or Ẹ 
less horizontally toward the earth's 


magnetic north pole, and there is little 
error from magnetic dip. 
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describes the errors that occur in the northern hemisphere due to magnetic dip; in the 
southern hemisphere, compass behavior is exactly opposite to what is described here. 


Turning error occurs when you are turning to or from a heading of north or south. This 
northerly turning error is most apparent at the poles and disappears as you approach the 
Equator. When rolling into a turn from a northerly heading in the northern hemisphere, 
the compass swings in the opposite direction of the turn. As you proceed with the turn, 
the compass card reverses and moves in the correct direction, catching up with your 
actual heading as you reach an east or west heading. When rolling into a turn from a 
southerly heading, the compass card swings in the correct direction, but leads the actual 
heading. As you proceed with the turn, the compass card slows down, matching your 
actual heading as you reach east or west. [Figure 2-16] 


Figure 2-16. A magnetic compass will indicate correctly entering a turn from an east or west head- 
ing, but will experience turning error when entering or completing a turn on a north or south heading. 
To accurately compensate for compass errors, it is essential to use standard-rate turns. 


Me fieh Op 


Magnetic Dip 


In the northern hemisphere, when entering a turn from a 
north heading, the compass will initially indicate a turn in 
the opposite direction. 


When entering a turn from a south heading, the compass 
will turn in the proper direction, but will lead the turn until 
on a heading of east or west. 


It is essential you use standard-rate turns if relying on the magnetic compass. When per- 
forming a compass turn to a northerly heading, you must roll out of the turn before the 
compass reaches the desired heading. When turning to a southerly heading, you must 
delay the roll-out until the compass card swings past the desired heading. When deter- 
mining whether to lag or lead the desired heading on roll-out, remember the acronym 
OSUN (Overshoot South, Undershoot North). The amount of correction depends on T 
latitude and angle of bank. With 15° to 18° bank (a standard-rate turn in a typical piston- 
powered airplane), the amount of lag or lead approximately matches your latitude, plus 
the one-half angle of bank you lead the roll-out on any turn. For example, at 35° N lati- 
tude and a 16° bank, a right turn to north requires a roll-out point of 317° (360 — 35 — 8) 
-e m south requires a roil-out point of 207° (180 + 35 — 8). When turning left o 
r 7 ? as Oe point is 43° (360 + 35 + 8). When turning left to a south head- 
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Magnetic dip also causes acceleration and deceleration errors. In the northern hemi- 
sphere, the compass swings toward the north during acceleration and toward the south 
during deceleration. When the speed stabilizes, the compass returns to an accurate indi- 
cation. This error is greatest on east and west headings and decreases to zero on north 
and south headings. Remember the acronym, ANDS (Accelerate North, Decelerate 
South) to describe this error in the northern hemisphere. In the southern hemisphere, the 
error occurs in the opposite direction (Accelerate South, Decelerate North). Since rapid 
changes in airspeed are infrequent when flying an airplane, acceleration error is not 
nearly as troublesome as turning error. Nonetheless, you want to be aware of this error if 
using your compass for navigation when adding power to increase speed, or when 
reducing power to slow airspeed. 


INSTRUMENT CHECK 


Since a magnetic compass is required equipment for VFR or IFR flight, you should never 
take off without verifying its proper operation. Although the compass does have errors, 
it is predictable and reliable. Simply make sure the compass is full of fluid, and during 
taxi, verify the compass swings freely and indicates known headings. 


Pil etT-STAric 
INSTRUMENTS 


The pitot-static instruments (airspeed indicator, altimeter, and vertical speed indicator) 
rely on air pressure differences to measure speed and altitude. Pitot pressure, also called 
impact, ram, or dynamic pressure, is connected only to the airspeed indicator, while sta- 
tic pressure, or ambient pressure, is connected to all three instruments. [Figure 2-17] 


PITOT HEAT SWITCH VERTICAL 
This electric anti-icing and de-icing AIRSPEED SPEED 
device is used to keep the pitot system INDICATOR INDICATOR ALTIMETER 


clear when flying through moisture. 


\ 


STATIC PORT 
Some aircraft have 
more than one port, 
usually located on 
each side of the 
fuselage to provide 
an average static 
pressure reading. 


DRAIN OPENING 
This part of the pitot 
system drains moisture 
from the pitot tube. 


PITOT TUBE 
The pitot tube supplies ram air pressure. 


: ; ; a ALTERNATE STATIC SOURCE 
Figure 2-17. The pitot tube is conn eet This provides an emergency source of static pressure. In 


speed indicator only, while the static port is connected nonpressurized aircraft, the alternate static source usually is 
to all three pitot-static instruments. located in the cabin, where static pressure is lower than 
outside pressure. 
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AIRSPEED INDICATOR . 
The airspeed indicator displays the speed of your airplane by comparing ram air pres- 
sure with static air pressure — the faster the aircraft moves through the air, the greater 
the pressure differential measured by this instrument. [Figure 2-18] Manufacturers use 
indicated airspeed (IAS) as the basis for determining aircraft performance. Takeoff, land- 
ing, and stall speeds listed in the POH are indi- 
om p P P cated airspeeds and do not normally vary with 
At higher elevation airports, the indicated altitude or temperature. This is bécause changes 
ad airspeed for approach and landing remains in air density affect the aerodynamics of the air- 
unchanged, but the corresponding ground- frame and the airspeed indicator equally. 


eed is faster. > —<—- & 
sp ter. EJ > 


Figure 2-18. Ram air pushes against a diaphragm 

inside the airspeed indicator; the airtight case is vented 
to the static ports. A mechanical linkage translates the 
expansion and contraction of the 


; Diaphragm 
diaphragm into needle movement. 


Pitot Tube 
Ram Air 


n 


| Static Air Line 


AIRSPEEDS 

As an instrument pilot, you need to understand the different types of airspeed. 
Calibrated airspeed (CAS) is indicated airspeed corrected for installation and instru- 
ment errors. Most of the discrepancy occurs because, at high angles of attack, the pitot 
tube does not point straight into the relative wind. This tends to make the airspeed indi- 
cator indicate lower-than-normal at low airspeeds. [Figure 2-19] Manufacturers compen- 
sate for this as best they can, but some errors are inevitable. The difference between 
indicated and calibrated airspeed is minimal at cruise speeds. You can find the correc- 
tions in the pilot’s operating handbook (POH). As a practical matter, you normally use 
specific indicated airspeeds for various operations, and only concern yourself with CAS 
when you need to convert to true airspeed. 


Figure 2-19. At high angles 
of attack, the relative wind 


does not strike the pitot tube = 
straight on. This results in | 


lower-than-normal indicated 
airspeed. Pitot Tube 
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Equivalent airspeed (EAS) is calibrated airspeed corrected for adiabatic compressible flow at 
a particular altitude. At airspeeds above 200 KIAS and altitudes above 20,000 feet, air is com- 
pressed in front of an aircraft as it passes through the air. Compressibility causes abnormally 
high airspeed indications, so EAS is lower than CAS. Many electronic and mechanical flight 
computers are designed to compensate for this error. It is significant to pilots of high speed air- 
craft, but relatively unimportant to the average 
light airplane pilot. 
' Calibrated airspeed (CAS) is indicated air- 
Rd speed (IAS) corrected for installation and 
instrument errors. The aircrafts POH con- 
tains a chart allowing you to convert IAS to CAS. True 
airspeed (TAS) is CAS corrected for nonstandard tem- — 
perature and pressure. 


True airspeed (TAS) is the actual speed your air- 
plane moves through undisturbed air. At sea level 
on a standard day, CAS (or EAS, as appropriate) 
equals TAS. As density altitude increases, true 
airspeed increases for a given CAS, or for a given 
amount of power. You can calculate TAS from 
CAS (or EAS), pressure altitude and temperature 
using your flight computer. Assuming conditions close to standard temperature, you can get 
an approximate true airspeed by adding 2% of the indicated airspeed for each 1,000-foot 
increase in altitude. 


Many high performance aircraft have a Mach 
indicator incorporated with the airspeed indica- 
tor. [Figure 2-20] Mach is the ratio of the aircraft’s 
true airspeed to the speed of sound. A speed of 
Mach 0.85 means the aircraft is flying at 85% of 
the speed of sound at that temperature. When 
computing true airspeed from a conventional air- 
speed indicator, you must factor in air density, which requires a correction for temperature 
and altitude. These corrections are unnecessary with a Mach indicator because the tempera- 
ture determines the speed of sound. Thus, Mach is a more valid 
index to the speed of the aircraft. 


During a flight at constant power and at a 
constant indicated altitude, true airspeed — 
increases as outside air temperature 
increases. ` 


í Figure 2-20. A Mach Indicator provides a more meaningful speed 
E index for high performance aircraft. 


V-SPEEDS AND COLOR CODES 
The color codes on an airspeed indicator provide important informa- 
tion on the operation of the aircraft. These markings actually reflect 
the airplane’s performance envelope. [Figure 2-21] 


2 


Vso is the stalling speed, or minimum steady 
flight speed, in the landing configuration, at the 


~ os p e 
A Mach meter eE the ratio of the air- 
craft's true airspeed to the speed of sound. 
Figure 2-21. The color-coded arcs on the airspeed hae | 
indicator define speed ranges. The boundaries of 5 


these arcs identify airspeed limitations. 


Vs; is the stalling sp 


maximum landing weight. 
Vne is the never-exceed speed. 


YELLOW ARC 
You can operate in this caution 
range only in smooth air. 


Vno is the maximum structural 
cruising speed. 


GREEN ARC 
The green arc is the normal 
operating range. 


steady flight speed, o 
specified configurati 
airplanes, this is normally po 
stall speed at maximum tak 
weight in a clean cont 
and flaps up). 
WHITE ARC 

The white arc is the fu! 
operating range. 


Veg is the maximum 
flaps fully extended. S 
allow partial flap exter 

this speed for approac 
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Several important values are not marked on the air- 
speed indicator. During gusty or turbulent condi- 
tions, you should slow the aircraft below the design 
maneuvering speed, V4, to ensure the load factor is speed indicator. [Figure 2-21] If you encounter 
wt TE or below Va, the aip wa severe turbulence during an IFR flight, slow the airplane 
p balore eens Se a e a below this speed. This decreases the amount of excess 
maneuvering speed, which decreases with the total load tiat can be npase cence mie 

weight of the aircraft, appears in your POH or on a 

placard. Vıp, the maximum speed with the landing 

gear extended on a retractable gear airplane, and Vro, the maximum speed for extending or 

retracting the landing gear, also appear in the POH but not on the airspeed indicator. 


Design maneuvering speed is one important 
value not shown by the color coding of an air- 


INSTRUMENT CHECK 

Unless the airplane is facing into a strong wind, the airspeed indicator should read zero 
before you taxi. If it indicates some value due to wind, verify the indicator drops to zero 
when you turn the airplane away from the wind. As you accelerate during the takeoff roll, 
make sure the airspeed indicator comes alive and increases at an appropriate rate. If not, 
discontinue the takeoff. 


ALTIMETER 

An altimeter is required for both VFR and IFR flight. For IFR, you need a sensitive 
altimeter, adjustable for barometric pressure. Obviously an accurate altimeter is essen- 
tial when you are operating in IFR conditions. In addition to helping you maintain ter- 
rain clearance, minimum IFR altitudes, and separation from other aircraft, the altimeter 
helps you maintain aircraft control. An understanding of the operation and limitations 
of the altimeter will enable you to interpret its indications correctly. [Figure 2-22] 


ANEROID WAFERS ALTITUDE INDICATION SCALE ALTIMETER 

The main component of the altimeter is a stack of The altimeter reads like a clock, with SETTING WINDOW 
sealed aneroid wafers that expand and contract the small hand indicating thousands When the setting on 
as atmospheric pressure from the static source of feet, and the large hand indicating an altimeter is changed 
changes. A mechanical linkage translates these hundreds of feet. the indication changes 


changes into pointer movements on the indicator. 10,000 ft in the same direction by 


Pointer approximately1,000 feet 
for each inch of pressure. 


100 ft Pointer 


1,000 ft Pointer 


CROSS HATCH FLAG 

A cross-hatched area appears 
on some altimeters when 
displaying an altitude below 
10,000 feet MSL. 


Static Port 


Altimeter Setting 


Figure 2-22. This altimeter indicates 2,800 feet MSL. The barometric Adjustment Knob 


scale in the window is at 29.92 inches of mercury (in. Hg.) 


t f i 
Now that you will be flying under IFR, your — 
ability to accurately read and adjust the 
altimeter is far more important than it was 2 


under VFR. See Figure 2-22. 
i P 4 
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TYPES OF ALTITUDE 

The altimeter measures the vertical elevation of an object above a given reference point. The 
reference may be the surface of the earth, mean sea level (MSL), or some other point. There 
are several different types of altitude, depending on the reference point used. 


The altimeter indicates height in feet above the barometric pressure level set in the altimeter 
window. For example, if the altimeter is set to 30.00, it would indicate the height of the air- 
plane above the pressure level of 30.00 in. Hg. If this is the correct local altimeter setting, then 
the 30.00 in. Hg. pressure level would be at sea level and the altimeter would indicate the true 
altitude above sea level (assuming standard temperature). Indicated altitude is what you read 
on the altimeter when it is correctly adjusted to show your approximate height above mean 
sea level (MSL). Use indicated altitude, when operating IFR below 18,000 feet MSL. 


Pressure altitude is displayed on the altimeter when it is set to the standard sea level 
pressure of 29.92 in. Hg. It is the vertical distance above a theoretical plane, or standard 
datum plane, where atmospheric pressure is equal to 29.92 in. Hg. Regulations require 
that you set the altimeter to 29.92 when operating at or above 18,000 feet MSL. These 
high altitudes are referred to as flight levels (FL); 18,000 feet above the standard datum 
plane is FL180. 


Density altitude is pressure altitude corrected for 
nonstandard temperature. It is a theoretical value 
used to determine airplane performance. When den- 
sity altitude is high (temperatures above standard), 


— E m » [1 “ a 7 
Set your altimeter to 29.92 in. Hg. in order to” 

obtain pressure altitude below 18,000 feet MSL. 
And use pressure altitude when operating at or 


aircraft performance suffers. Most aircraft documen- above 18,000 feet MSL. Always set the altimeter to 29.92 in. 
tation gives you performance information based on Hg. upon climbing to 18,000 feet MSL. ťi TE 


ee Beas 


pressure altitude and temperature, rather than 
explicitly using density altitude. 


True altitude is the actual height of an object above 
mean sea level. On aeronautical charts, the elevations of 
such objects as airports, towers, and TV antennas are 
true altitudes. Unfortunately, your altimeter displays 
true altitude in flight only under standard conditions. 
Nonstandard temperature and pressure cause your 
indicated altitude to differ from true altitude. The true 
altitude computations you make with a flight computer 
assume that pressure and temperature lapse rates match 
a perfectly standard atmosphere, which is rarely the 
case. [Figure 2-23] 


_ Pressure altitude is the altitude read on the 
altimeter when the instrument is set to indi- 
cate height above the standard datum 
plane. It is the same as density altitude at standard 
temperature, and is equal to true altitude under stan- 
dard atmospheric conditions. Aa 


4,000 -| 


Feet (MSL) 


3,500 ~. 


Aircraft 
Altimeter 
Setting 


Cay 


Correct Altimeter Setting 30.00 in. Hg. 30.00 in. Hg. 30.00 in. Hg. 

Figure 2-23. When the air temperature is warmer than standard, the altimeter will indicate a lower altitude than that | 
actually flown. When the temperature is colder than standard, the altimeter will indicate too high, that is, true altitude will 

be lower than indicated altitude. 2-19 
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True and indicated altitude are equal when you 


are flying with the correct altimeter setting and | When flying from hot to cold, look out 
temperature conditions match International Rd below. See Figure 2-23. 


Standard Atmospheric (ISA) values. However, if ~ 

the temperature is 10°C colder than standard, true 

altitude is about 4% lower than indicated alti- 

tude. This is an error of 500 feet at 12,000 feet MSL; a significant discrepancy if flying 
over mountainous terrain on a cold day. True altitude also equals indicated altitude 
when you are sitting on the airport ramp with the altimeter set to the local altimeter set- 
ting where it indicates the field elevation. 


Ta "e Absolute altitude is the actual height of 
When you set the scale of the pressure À : 
"i Mi. Ion a the aircraft above the earth’s surface. 
altimeter to the local altimeter setting, it will F . k 
a- Some airplanes are equipped with radar 


` indicate the true altitude at field elevation. If ; 
ee ae . E altimeters that measure this height 
an altimeter setting is unavailable, set the altimeter to ; 
honed avain ae n _ above ground level (AGL) directly. 
° 2. = = a During instrument approaches, absolute 
altitude is used to define the height 
above the airport (HAA), height above the touchdown zone (HAT), and the threshold 


crossing height (TCH). 


ALTIMETER SETTING 

The most common altimeter error is also the easiest to correct. It occurs when you fail to 
keep the altimeter set to the local altimeter setting. When flying from an area of high 
pressure to an area of low pressure without resetting your altimeter, the instrument inter- 
prets the lower pressure as a higher altitude. Since you will lower the nose of the air- 
plane to maintain the same indicated altitude, you will end up at a lower true altitude. 
This is why, when flying from high to low pressure, look out below. [Figure 2-24] 


= 
-l 
7) 
= 
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® 
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beeen baei Ahan 


Aircraft 
Altimeter 
Setting 


Correct 30.50 in. Hg. 30.00 in. H > l 
Altimeter Setting “a adug! 29.50 in. Hg. 


Figure 2-24. li you fly from an area of higher pressure to an area of lower pressure without 
aie your altimeter, you may fly at a lower altitude than you had intended. If you reset the 
altimeter to the correct setting, you can maintain the desired altitude. 


In the event you are departing an airport where 

you cannot obtain a current altimeter setting, you 

ace set the altimeter to the airport elevation. by all pilots primarily to provide for better 
er departure, obtain the current altimeter set- vertical separation of aircraft. ATC periodi- 


Be = soon as possible from the appropriate ATC cally advises the pilot of the proper altimeter setting 
acility. i ing. 


The local altimeter setting should be used 
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INSTRUMENT CHECK 
In addition to the required static system check, you should make sure the altimeter is 
indicating accurately during the IFR preflight check. To accomplish this, set the altime- 
ter to the current altimeter setting. If it indi- 
cates within 75 feet of the actual elevation of 
that location, it is acceptable for IFR flight. 


i8 
Before an IFR flight, set the altimeter to the 


current altimeter setting. For acceptable 
accuracy, the indication should be within 75 


VE RTICAL = PEED feat of the actual elevation. 
INDICATOR x i 


The vertical speed indicator (VSI), sometimes 

called a vertical velocity indicator (VVI) or rate-of-climb indicator, measures how fast the 
static (ambient) pressure increases or decreases as the airplane climbs or descends. It 
then displays this pressure change as a rate of climb or descent in feet per minute. Unlike 
the altimeter, the VSI is not affected by air temperature since it measures only changes 
in air pressure. [Figure 2-25] 


DIAPHRAGM 
The diaphragm inside the vertical speed PR 
indicator expands or contracts during A mechanical linkage translates the expansion and 
changes in static pressure. contraction of the diaphragm into needle movement. 


Figure 2-25. When the static pressure is 
constant, it remains equal inside and out- 
side of the diaphragm. Any change in pres- 
sure is felt immediately inside the 
diaphragm but delayed outside the 
diaphragm, and it expands or contracts due 
to the momentary pressure differential. 
When the aircraft levels off, the pressure 
outside the diaphragm equalizes with the 
pressure inside the diaphragm, and the 
needle indicates zero. 


DIRECT STATIC 


CALIBRATED PRESSURE 


LEAK 


Static pressure is connected directly to the inside of the diaphragm, and indirectly connected to the 
area outside the diaphragm (the instrument case) via a restricted orifice (calibrated leak) that prevents 
the pressure outside the diaphragm from changing instantaneously. 


The VSI displays rate information and trend information. Although the instrument is 
designed to display rate of climb or descent, it can take six to nine seconds of lag for the 
needle to stabilize on an accurate vertical speed indication after you change power or 
pitch. Even though it takes a few moments to indicate the exact vertical speed, the VSI 
is valuable because it instantaneously indicates changes in vertical speed, or trend infor- 
mation. When making a steep turn, the VSI usually is the first instrument to tell you a 
small correction in pitch is needed, since the attitude indicator does not give a precise 
enough indication of pitch. As you study attitude instrument flying in the next section 
and practice it in the airplane, you will appreciate the VSI’s early warning of deviations 
from the desired pitch. This instrument provides even more essential pitch information 
in the event of a failure of the gyroscopic attitude indicator. 


Since the VSI is not designed to instantaneously indicate the rate of climb or descent, it 
will not give a clear indication during turbulence or when applying abrupt control 
inputs. You may be able to average the erratic readings during turbulence to determine 
whether you are climbing or descending. Because the VSI uses static air pressure, this 
instrument will not function if the static port is clogged. 
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In some advanced aircraft, you may find an instantaneous vertical speed indicator (VSD). 
This device incorporates acceleration pumps to compensate for the limitations of the cal- 
ibrated leak, eliminating the lag found in the typical VSI. 


INSTRUMENT CHECK 

The VSI, while not legally required for instrument 
flight, is an extremely useful instrument. Some 
pilots will not take off into low IFR conditions 
unless this instrument is operating properly. 
Before starting the aircraft engine, check to see 
that the VSI indicates zero. If you wait until after engine start to check the VSI, you may 
see needle fluctuations due to the propeller slipstream. Some VSIs have an adjustment 
screw to zero the instrument. If yours does not, simply make a mental note of where 
“zero” is, and compensate for that during flight. 


cates a descent or climb, you may use that 
value as a zero indication. 


e If, during taxi, you notice that the VSI indi- 


PITOT TUPE ICING LEADS TO NPF LAHT PREAHUP 
From the files of the NTSB... 


Aircraft: Piper PA-46-350P 
Injuries: 2 Fatal 


Narrative: Before takeoff, the pilot was advised of IFR conditions along the first part of the route, with flight precautions for occa- 
sional moderate turbulence below 15,000 feet, and mixed icing from freezing level (6,000 feet) to 18,000 feet. He filed an IFR 
flight plan with a cruise altitude of 11,000 feet. During departure, the pilot was cleared to climb to 9,000 feet, and told to expect 
clearance to 11,000 feet 5 minutes later. i ee i 


Radar data showed the aircraft climbed at about 1,500 feet per minute and 100 knots slowing slightly above 8,000 feet. At about 
9,000 feet the aircraft started to level and accelerate. It then climbed momentarily, deviated laterally from course, and entered a 
steep descent. In-flight breakup occurred and wreckage was scattered over a 4,100 foot area. A trajectory study showed breakup 
occurred between 4,500 and 6,500 feet as the aircraft was in a steep descent in excess of 266 knots. Metallurgical exam of wings 
and stabilizers revealed features typical of overstress separation; no preexisting cracks or defects were found. 


The probable cause, according to the NTSB, was the pilot’s failure to activate the pitot heat before flying at and above the freez- 
ing level in instrument meteorological conditions (IMC), followed by his improper response to erroneous airspeed indications that 
resulted from blockage of the pitot tube by atmospheric icing. Spatial disorientation of the pilot was listed as a contributing factor. 


The chain of events which led to this accident most likely began with the pilot’s lack of experience and training in IFR emergen- 
cies, followed by poor judgement regarding the weather conditions. In addition, the pilot failed to effectively manage his workload 
and was unable to maintain situational awareness during the flight. 


SYSTEM ERRORS 


The pitot-static instruments usually are very reliable. Gross errors almost always indi- 
cate blockage of the pitot tube, the static port, or both. Blockage may be caused by mois- 
ture (including ice), dirt,.or ever insects. During preflight, always check the pitot tube 
for blockage. If you do this, you also will remember to remove the pitot tube cover. 
Always check the static port openings as well. If the pitot or static ports are clogged, have 
them cleaned by a certificated mechanic. It is also possible for the pitot tube to become 
blocked by visible moisture during flight when temperatures are near the freezing level. 


If you are flying in visible moisture and your airplane is equipped with pitot heat, it 
should be on to prevent pitot tube icing. 
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PiITOT BLOCKAGE 

The airspeed indicator is the only instrument affected by a pitot tube blockage. There are 
two types of pitot blockage that can occur. If the ram air inlet clogs while the drain hole 
remains open, the pressure in the line to the airspeed indicator will vent out the drain 
hole, causing the airspeed indicator to drop to zero. This typically occurs when ice forms 
over the ram air inlet. [Figure 2-26] 


Figure 2-26. A clogged pitot tube, but clear drain 
hole, will result in an airspeed indication of zero. 


Static Port 


Pitot Tube = 


->$ 


NS 


~ Drain Hole 


Blockage——— 


The second situation occurs when both the ram air inlet and drain hole become clogged, 
trapping the air pressure in the line. In level flight, the airspeed indicator typically 
remains at its present indication, but no longer indicates changes in airspeed. If the sta- 
tic port remains open, the indicator will react as an altimeter, showing an increase in air- 
speed when climbing and a decrease in speed when descending. This is opposite the 
normal way the airspeed indicator behaves, and can result in inappropriate control 

inputs because you will observe runaway air- 

speed as you climb and extremely low air- 


If the pitot tube’s ram air input and drain speeds in a descent. This type of failure can 
Rd hole are blocked, the airpeed indicator will be very hazardous because it is not at all obvi- 
act as an altimeter with indicated airspeed ous when it occurs. [Figure 2-27] 


increasing as altitude increases. See figure 2-27. 


Figure 2-27. H the pitot system becomes completely : 
clogged and the static system remains clear, indicated alr- 4 
speed will increase with altitude and have no relation to 
actual airspeed. Large power changes during level flight 

will not result in any variations in airspeed. 
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STATIC BLOCKAGE . l 
If the static system becomes clogged, the airspeed indicator will continue to react to changes 
in airspeed, since ram air pressure is still being supplied by the pitot tube, but the readings 
will not be correct. When you are operating above the altitude where the static port became 
clogged, the airspeed will read lower than it should. Conversely, when you operate at a lower 
altitude, a faster-than-actual airspeed will be displayed due to the relatively low static pres- 


sure trapped in the system. The amount of error is proportional to the distance from the alti- 
tude where the static system became clogged. The greater the difference, the greater the error. 


[Figure 2-28] 
Inaccurate 
Airspeed Constant Zero Frozen 


Indications Indication on VSI Altimeter 


Static 


I Port 


Blockage 
Figure 2-28. A blocked static system affects all pitot-static instruments. 


Since the altimeter determines altitude 


by measuring ambient air pressure, any 


i ; Í if the static ports are iced over, the VSI 
Plg rage a re man i ee npe RI pointer will remain at zero, regardless of 
the altimeter in place and make it unus- 


the actual rate of descent or climb. 
able. The VSI freezes at zero, since its 
only source of pressure is from the sta- 
tic port. After verifying a blockage of the static system by cross-checking the other flight 
instruments, you should find an alternate source of static pressure. 


In many aircraft, an alternate static source is provided as a backup for the main static 
source. In nonpressurized aircraft, the alternate source usually is located inside the air- 
craft cabin. Due to the slipstream, the pressure inside the cabin is usually less than that 
of outside air. Normally, when you select the alternate static source, the altimeter will 
read a little higher and the airspeed a little faster than normal, while the vertical speed 
indicator will show a momentary climb. However, this is not always the case. Your air- 
plane’s POH may contain information regarding variations in airspeed and altimeter 
readings due to changes in airplane configuration and use of the alternate static source. 
In the case of a pressurized aircraft with a static line leak inside the pressurized com- 
partment, the altimeter will read lower than the actual flight altitude, due to the 
increased static pressure. The airspeed may also read lower than it should, and the ver- 
tical speed indicator may indicate a momentary descent. 


If the aircraft is not equipped with an 
alternate static source, you can break the 


| If, while in level flight, it becomes neces- glass of the vertical speed indicator to 

R) sary to use an alternate source of static allow ambient air pressure to enter the sta- 
pressure vented inside the airplane, the tic system. Of course, this makes the VSI 

altimeter may read a little higher and the airspeed a lit- unusable and will not help in a pressur- 
tle faster than normal, while the vertical speed indicator ized airplane; but in an IFR emergency, 


may show a momentary climb. depressurization is an option to consider. 
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vV The instruments which provide information about the airplane’s attitude, direc- 
tion, altitude, and speed are collectively referred to as the flight instruments. 


V The gyroscopic instruments in your aircraft are the attitude indicator, heading indi- 
cator, and turn coordinator, Gyroscopic instrument operation is based on rigidity in 
space and precession. 


/ The attitude indicator, or artificial horizon, is the only instrument that gives you an 
immediate and direct indication of the airplane’s pitch and bank attitude. 


V The heading indicator, when properly set, is your primary source of heading infor- 
mation. You must align it with the magnetic compass before flight and recheck it 
periodically during flight. 


Y Turn indicators allow you to establish and maintain standard-rate turns of three 
degrees per second, or in the case of certain high performance aircraft, half-stan- 
dard-rate turns. 


Y Both turn coordinators and turn-and-slip indicators indicate rate of turn, but 
because of the improved design of the turn coordinator, this instrument also indi- 
cates rate of roll as you enter a turn. 


V The inclinometer is the part of the turn indicator that indicates whether you are 
using the correct angle of bank for the rate of turn. Step on the ball to correct a slip- 
ping or skidding condition. 


Y The magnetic compass is the only direction-seeking instrument in most light air- 
planes, but it is susceptible to a number of errors. 


/ The pitot-static instruments are the airspeed indicator, altimeter, and vertical speed 
indicator. Blockages in both the pitot and static systems affect the airspeed indicator, 
while the remaining instruments are affected only by static system blockage. 


/ Calibrated airspeed (CAS) is indicated airspeed corrected for installation and 
instrument errors. Equivalent airspeed (EAS) is calibrated airspeed corrected for 
compressibility. True airspeed (TAS) is the actual speed your airplane moves 
through undisturbed air. Mach is the ratio of the aircraft’s true airspeed to the speed 
of sound at the temperature and altitude in which the aircraft is flying. 


/ The most common altimeter error is failure to keep the current barometric pressure 
set. The altimeter indicates high when the actual pressure is lower than what is set 
in the window. The altimeter also indicates high when in colder-than-standard 
temperature conditions. 


/ Pressure altitude is displayed on the altimeter when it is set to the standard sea 
level pressure of 29.92 in. Hg. This also is the altimeter setting when operating at 
or above 18,000 feet MSL. 


/ Before an IFR flight, verify that the altimeter indicates within 75 feet of the actual 
field elevation when set to the current altimeter setting. 


/ The vertical speed indicator instantly alerts you of changes in vertical speed, and 
gives an accurate indication of the rate of climb or descent a few seconds after a 
change in vertical speed. 


Z Complete blockage of the pitot tube can cause the airspeed indicator to react oppo- 
site of normal, showing an increase in airspeed as you climb, and extremely low 
airspeed in a descent. 
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KEY TERMS 


Rigidity in Space 
Gimbals 

Precession 
Pendulous Vanes 
Standard-Rate Turn 
Turn-and-Slip Indicator 
Turn Coordinator 
Inclinometer 

Slip 

Skid 

Magnetic Dip 


Northerly Turning Error 


QUESTIONS 
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Indicated Airspeed 


Calibrated Airspeed 
Equivalent Airspeed 
True Airspeed 

Mach 

Sensitive Altimeter 
Indicated Altitude 
Pressure Altitude 
Standard Datum Plane 
True Altitude 


International Standard Atmosphere 
(ISA) 


Absolute Altitude 
Rate Information 


Trend Information 


1. Which flight instrument is not legally required for flight under IFR? 


A. Slip-skid indicator 
B. Vertical speed indicator 


C. Gyroscopic heading indicator 


T FLIGHT 


2. Name the gyroscopic flight instrumenis. Upon which two principles do they 


depend? 


3. Which flight instrument gives you an instantaneous display of both pitch and bank 


information? 


vide bank information. 


in most small airplanes? 


knots? 


True/False. The gyroscopic instruments are the only flight instruments that pro- 
Why is the turn coordinator a good backup for the attitude and heading indicators 


What is the approximate bank angle required to maintain a standard-rate turn at 90 
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7. How long does it take to make a 360° standard-rate turn? 


An One minute 
B: Two minutes 
Gr Four minutes 


8. Which of the above turn coordinators shows too much rudder pressure being used 
for the amount of bank? 


9. Which of the above turn coordinators shows too little rudder pressure being used 
for the amount of bank? 


10. What condition leads to unreliable operation of the heading indicator and attitude 


indicator? 
A Low vacuum pressure. 
B. Short in the electrical system 
C Pitot-static system leak 


11. What should you use to correct for magnetic deviation? 


AS Compass correction card. 
B. Adjustment knob on the heading indicator. 
C: Isogonic lines on instrument charts. 


12. During a compass turn, what heading should you use for roll-out if making a right 
turn to a heading of 360° at a latitude of 45°N? Assume you are using a 16° bank 


angle. 


13. A blocked static source affects which instruments? 


For questions 14 through 16, match the V-speed abbreviations with the appropriate def- 


inition. 
14. Va A. Maximum landing gear operating speed 
B. Design maneuvering speed 
15. Vio C. Maximum speed with landing gear extended 
D. Stalling speed in a specified configuration 
16. Vs1 E. Stalling speed in landing configuration 


17. How does colder-than-standard temperature affect the relationship between indi- 
cated altitude and true altitude? 


ATTITUDE 
INSTRUMENT FLYING 


Attitude instrument flying is controlling an aircraft by reference to flight instruments, 
rather than outside visual reference. You were introduced to attitude instrument flying 
during your private pilot course. In your instrument training, you will refine this skill to 
the point where you can maintain the precise control of an aircraft by instrument refer- 
ence while carrying on the many additional duties of IFR flight. 


FUNDAMENTAL SKILLS 


Attitude instrument flying is one of the most important skills you will acquire as a pilot. 
Before allowing you to move on to other tasks, your instructor will insist you practice 
attitude flying until it becomes second nature. To achieve positive aircraft control and 
follow a desired flight path in IFR conditions you must master three fundamental skills 
— instrument cross-check, instrument interpretation, and aircraft control. 


INSTRUMENT CROSS-GHECK 


Instrument scan, or cross-check, is the first fundamental skill. A good scan requires logical 
and systematic observation of the instrument panel. It saves time and reduces the workload 
of instrument flying because you look at the pertinent instruments as you need information. 


SCANNING TECHNIQUE 

Regardless of your scanning technique, the attitude indicator is very important because 
it replaces the natural horizon in instrument conditions. [Figure 2-29] You normally 
cross check the attitude indicator with other instruments that provide information about 
pitch, bank, and power and verify that indicated attitude yields the desired results. With 
instruction and practice, you will learn what instruments you need to scan in order to 
maintain a particular flight attitude. 


Figure 2-29. As a substi- 
tute for the natural hori- 
zon, the attitude indicator 


erence. It is the only 
instrument that provides 
instant and direct aircraft 
attitude information. 


provides basic attitude ref- 
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“You Got a Bunch of Guys About to Turn Blue.” 


One of the most watched displays of crew coordination and attitude instrument flying occurred on July 20, 1969 when 
pilot, Buzz Aldrin, and commander, Neil Armstrong, safely guided the lunar module, Eagle, to a safe landing on 

the moon’s Sea of Tranquitity. [Figures A and B] During the landing approach, Aldrin kept his eyes 
focused on the spacecraft’s computer display while Armstrong maneuvered the lunar module into 
position by following Aldrin’s instructions and looking through a window scribed with a vertical 
scale. (A photo of the iunar module cockpit is shown in figure C.) Armstrong used the scale, 
which was graduated in degrees, to determine where the computer thought the lunar module 
would land. The following transcript begins 4 days, 6 hours, 44 minutes, 45 seconds after 
liftoff and about a minute before the historic landing. 


04:06:44:45 — ALDRIN: 100 feet, 3 1/2 down, 9 forward. 5%. [Fuel Remaining] 
04:06:44:54 — ALDRIN: Okay. 75 feet. Looking good. Down a half, 6 forward. 


04:06:45:02 — DUKE [Charlie Duke, the CapCom (Spacecraft Communicator) for the landing, located in Houston, TX]: 60 sec- 
onds. [Fuel Remaining] 


04:06:45:04 — ALDRIN: Light's on. [Fuel Quantity Light] 
04:06:45:08 — ALDRIN: Down 2 1/2. Forward... forward... good. 

04:06:45:17 — ALDRIN: 40 feet, down 2 1/2. Kicking up some dust. 

04:06:45:21 — ALDRIN: 30 feet, 2 1/2 down. 

04:06:45:25 — ALDRIN: 4 forward... 4 forward. Drifting to the right a little. Okay. Down a half. 
04:06:45:31 — DUKE: 30 seconds. 
04:06:45:32 — ARMSTRONG: Forward drift? 
04:06:45:33 — ALDRIN: Yes. 

04:06:45:34 — ALDRIN: Okay. 


04:06:45:40 — ALDRIN: Contact Light. [The 10-foot long probes, which hang from 3 of 
the lunar module’s footpads, have touched the moon’s surface.] 


04:06:45:43 — ALDRIN: Okay. Engine stop. 


04:06:45:45 — ALDRIN: ACA, out of detent. [The ACA is the Attitude Control Assem- 
bly, or control stick.] 


04:06:45:46 — ARMSTRONG: Out of detent. 


04:06:45:47 — ALDRIN: Mode control, both auto, Descent engine command override, 
off. Engine arm, off. 


04:06:45:52 — ALDRIN: 473 is in. [413 is a code which tells the AGS (Abort Guidance 
System) that the lunar module has landed.] 


04:06:45:57 — DUKE: We copy you down, Eagle. 
04:06:45:59 — ARMSTRONG: Houston, Tranquility Base here. 
04:06:46:04 — ARMSTRONG: The Eagle has landed. 


04:06:46:06 — DUKE: Roger, Tranquility. We copy you on the ground. You got a bunch 
of guys about to turn blue. We're breathing again. Thanks a lot. 


04:06:46:16 — ARMSTRONG: Thank you. 


Six and a half hours tater, an estimated 600 million people around the world watched 
as Neil Armstrong became the first person to set foot on the moon. While Jimmy 
Doolittle could hardly have envisioned space travel at the time of his first blind flight, 
the tremendous achievements of Apollo 11 would not have been possible without the 
application of the basic attitude instrument flight techniques he pioneered nearly 40 


years earlier. 


Emblem and photos courtesy of NASA 2-29 


PRINCIPLES OF INSTRUMENT FLIGHT 


te CHAPTER 2 
<a 


FREQUENT ERRORS mi me . 

As your proficiency increases, you will scan primarily from habit, adjusting ee 
rate and sequence to suit the demands of the situation. However, if you do not ee inue 
to maintain your proficiency through practice, you may find that your scan brea i oe 
This lapse in instrument cross-checking is usually the result of one or OTe of the three 
common scanning errors — fixation, omission, and emphasis. [Figure 2-30] 


Fixation occurs when you stare at a single instrument. 
There may be a good reason, such as when you suspect 
an instrument malfunction, but fixation invariably yields 
poor results. The aircraft's attitude can rapidly deteriorate 
while you neglect other essential instruments, and errors 


in aircraft control can accumulate quickly. us EN 
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Omission takes place any time you exclude one or more 
pertinent instruments from your scan. It often follows a 
change in pitch attitude or bank angle. If you fail to monitor 
the bank instruments during this time, you may deviate 
from your intended heading. 


Emphasis on a single instrument instead of a combination of 
instruments is a common cross-check error during initial training. It 
is not as severe as fixation because you still maintain some scan, 
but control is degraded because of inappropriate reliance on one 
instrument. For example, you may be able to hold the airplane 
reasonably on altitude using the attitude indicator, but you cannot 
hold a precise altitude without including the altimeter in your scan. 


Figure 2-30. Fixation, omission, and emphasis dramatically reduce the effectiveness of your scan. 


INSTRUMENT INTERPRETATION 


The second fundamental skill is instrument interpretation.This requires less effort if 
you have studied and observed how each instrument operates, and become aware of the 
instrument indications that represent the desired pitch and bank attitudes for your air- 
craft. Good interpretation skills also help your scan. If you know the limitations of an 
instrument, you will know what other instruments to cross check to get the complete 
picture. For example, a level pitch indication on the attitude indicator does not neces- 
sarily mean you are in a level flight attitude; you need to refer to the altimeter, vertical 
speed indicator (VSI), and airspeed indicator to confirm you are in level flight. To con- 


firm bank attitude, refer to the heading indicator and turn coordinator in addition to the 
attitude indicator. 
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AIRCRAFT CONTROL 


The third attitude instrument flying skill is aircraft control. This is the action you take as 
a result of cross checking and interpreting the flight instruments. Based on the information 
you receive from the instruments, adjust the pitch, bank, and power to achieve a desired 
flight path. The contro] inputs for attitude instrument flying are the same as for visual fly- 
ing except that you cannot see the results using outside visual references. 


During your training, you will develop a feel for how much control pressure achieves a 
desired change in pitch or bank attitude. To be precise, it is important that you maintain 
a light touch on the controls, [Figure 2-31] and keep the airplane properly trimmed. If 
you are constantly holding pressure on the controls, you will not be able to apply the 
precise pressures needed for controlled changes in attitude. An improperly trimmed air- 
plane increases tension, interrupts your cross-check, and may result in abrupt or erratic 
control. On a properly trimmed airplane, you can easily adjust the attitude with gentle 
pressure on the controls. 
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Figure 2-31. It is easier to control the airplane if you keep a relaxed grip on the control yoke. 


ATTITUDE 
INSTRUMENT 
FLYING GCONCEPTS 


The following information will help you develop the thought processes for effective 
scanning and interpretation of flight instruments. You may wish to read this information 
again later in your training to make sure you are still on track. There are two generally 
accepted methods of teaching attitude instrument flying: the control and performance 
concept and the primary/support concept. 


These two methods of scanning the same flight instruments generally yield the same 
control responses, but they differ in the degree of reliance on the attitude indicator. The 
control and performance concept, which designates certain flight instruments as control 
and others as performance instruments, relies heavily on the attitude indicator during 
most maneuvers. You will learn more about this method at the end of this section. 


PRIMARY/SUPPORT CONCEPT 


The primary/support concept divides the panel into pitch instruments, bank 
instruments, and power instruments. For a given maneuver, there are specific 
instruments you should use to control the airplane and obtain the desired perfor- 
mance. Those instruments which provide the most essential information during a 
given flight condition are called primary instruments. Instruments which help you 
maintain the desired indications on the primary instruments are called supporting 
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Because the primary/support concept emphasizes pe 
instruments, this method prepares a pilot to maintain aircraft control if the gyro 


scopic attitude indicator fails. [Figure 2-32] 


Figure 2-32. The primary/support concept groups the 
instruments as they relate to control function and air- 
plane performance. For a given flight configuration, there 
is one primary instrument for pitch, bank, and power, 
respectively. 


BANK INSTRUMENTS 


The attitude indicator, although often a supporting instrument, is essential and central to 
your scan. It is the only instrument that provides instant and direct aircraft attitude 
information, and it is the primary instrument during pitch or bank changes. After using 
the attitude indicator to establish a new attitude, other instruments become primary, and 
the attitude indicator becomes a supporting instrument. Nonetheless, loss of the attitude 
indicator in instrument conditions can result in a distress situation. If this happens, 
notify ATC immediately, since your ability to comply with clearances may be limited. 
Flying partial panel is covered later in this section. 


é 
i The altimeter, airspeed indicator, and 
l vertical speed indicator, in addition to the 


| attitude indicator, are pitch instruments. 
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BASIC FLIGHT MANEUVERS 


The following basic flight maneuvers are presented using the primary/support concept, 
with the primary instruments identified in each situation. The supporting instruments 
are the remaining instruments that provide information about pitch, bank, or power. 


STRAIGHT-AND-LEVEL FLIGHT 


Once established in straight-and-level flight, your primary objective is to maintain a spe- 
cific altitude and heading at a specific airspeed. The instruments that can tell you 
unequivocally whether you have the correct pitch, bank, and power are the altimeter, 
heading indicator, and airspeed indicator, respectively. That is why these are primary 
instruments for pitch, bank, and power. While it is possible to maintain straight-and- 
level flight with only these instruments, it becomes more difficult without supporting 
instruments like the attitude indicator (pitch and bank), VSI (pitch), and turn coordina- 


tor (bank). [Figure 2-33] 


Assuming you have set the pitch correctly 
to maintain altitude, monitor the airspeed 
indicator to confirm you have set the 
correct power. With this indication, try 
adding some power to re-establish the 
intended 110 knot airspeed. 
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Monitor the altimeter, along 
with the VSI, to confirm you 
have set the correct pitch. 


These instruments suggest 
pitching down 1/2 bar width on 
the attitude indicator. 


Monitor the heading indicator, 
along with the turn coordinator, 
to make sure you have set the 
correct bank. This deviation 


suggests a momentary 5° bank 
to the right to re-establish the 
intended 270° heading. 


Figure 2-33. In straight-and-level flight, as in any flight maneuver, the primary instruments are 
those that supply the most pertinent information regarding pitch, bank, and power. The support- 


ing instruments backup and supplement the primary instruments. 


PITCH CONTROL 


The attitude indicator gives you an instant and direct indication of relative pitch attitude, 
enabling you to precisely make pitch changes as small as one-half degree. Prior to takeoff, 
align the miniature aircraft on the attitude indicator with the horizon bar to indicate 


Ce) 
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equired level-flight pitch atti- 


imate level flight at normal cruise speed. Since the r 
ale i justment to the horizon bar. 


tude varies, the miniature airplane may need periodic ad 
[Figure 2-34] 

This represents the approximate attitude indication for 
straight-and-level cruising flight. If you do not have this 


indication when maintaining altitude at cruise speed, 
readjust the miniature airplane so it looks like this. 


Figure 2-34. The pitch 
attitude required to main- 
tain level flight is affected 


by airspeed, air density, 
and aircraft weight. When slowing to approach speed, you need a 
slightly nose-high attitude to maintain altitude. 


The vertical speed indicator promptly 
moves up or down with pitch, indepen- 
dently displaying even smaller deviations 
than the attitude indicator. Unlike the 
attitude indicator, the VSI measures the 
actual climb or descent performance 
resulting from a given pitch attitude, and 
normally does not need adjustment to 
provide reliable information. 


To control pitch during straight-and-level flight, make sure the airplane is trimmed to 
maintain the desired pitch attitude without any control pressure. Monitor the attitude 
indicator for deviations from the desired pitch attitude, just as you would watch the 
horizon in VFR conditions. Scan the altimeter and VSI to verify that the pitch attitude 
you have chosen maintains the desired altitude. 


When an altitude deviation occurs, use your judgment and experience in the aircraft to 
determine the rate of correction. Try a half-bar-width adjustment on the attitude indica- 
tor when 100 feet or less from your desired altitude, and correct back at twice the rate of 
your deviation. For example, if you are 100 feet below the desired altitude, climb back at 
200 f.p.m. If you are descending when you discover the deviation, stop your descent 
first, then pitch up to climb back to the proper altitude. You may need to adjust the 
power if your altitude is off more than 200 feet. 


BANK CONTROL 

The heading indicator is primary for bank 
during straight flight, whether level, climb- 
ing, or descending, because this is the instru- 
ment that can tell you which direction you 
need to adjust your bank to maintain the cor- 
rect heading. The attitude indicator and turn 
coordinator are supporting bank instruments. 
Deviations in heading are not as eye-catching 
as altitude deviations, and, for that reason, 
require more careful monitoring. 


Maintain the desired heading in straight-and-level coordinated flight by establishing a zero 
bank on the attitude indicator and by monitoring the heading indicator for deviations from 
the desired heading. Cross check the turn coordinator to see if you are turning. When 
you see a heading deviation, use the attitude indicator to establish an angle afb equal 
to the degrees deviation from heading. For example, if the aircraft has drifted 10° off the 
desired heading, establish a bank of 10°. For larger corrections, you should normall 

limit the bank angle so you do not exceed a standard-rate turn. | i 
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POWER CONTROL 


During level flight you normally adjust pitch to maintain altitude and power to get the 
desired airspeed. The airspeed indicator is the only instrument that can tell you whether 
you are using the correct power to obtain the desired airspeed in straight-and-level flight. 
That makes it the primary power instrument. If you are not achieving the desired air- 
speed, estimate the power setting that is 

needed, and use your power instruments _ 

(manifold pressure gauge or tachometer) to 
make the adjustment. During a change in pertinent information (primary) for bank 
airspeed, the altimeter and heading indi- control in straight-and-level flight is the 
cator remain primary for pitch and bank, heading Seiad 

because your objective still is to maintain - e : 

altitude and heading. The power instru- 

ments are primary for power during the 

adjustment, but be careful not to fixate on these instruments. Make a rough adjustment 
of the power controls and continue your scan. Look back to the power indicator and 
make final adjustments after the power instrument’s indications have stabilized. If you 
have a fixed-pitch propeller, the sound of the engine helps you make rough adjustments 
without staring at the tachometer. When your power setting is established, check the air- 
speed indicator for the desired results. Continue monitoring your pitch instruments to 
verify you are maintaining altitude; otherwise, your airspeed indications will be 
affected. Watch your bank instruments closely because changes in power induce turning 
forces in most propeller airplanes that you must control. Remember to re-trim the air- 
plane after the airspeed stabilizes following a power change. 


1 "O 
-The instrument which provides the most 


To make suitable power adjustments, you need to know the approximate power required 
for a desired airspeed. Experiment with various flight configurations, and memorize the 
required power settings. Expect your instructor to help you with this early in your train- 

ing. If you are making a large increase in air- 


. speed, advance the power beyond the setting 
As power is reduced to change airspeed from required for the new airspeed, just as you 
Rd high to low cruise in level flight, the instru- i would do when accelerating your car to free- 
ments which are primary for pitch, bank, and way speed. A similar procedure applies to 
power respectively, are the altimeter, heading indicator, | large airspeed reductions. [Figure 2-35] 


and manifold pressure gauge or tachometer. 


Figure 2-35. Underpowering can expedite a large 
airspeed reduction. 


As the airspeed decreases, 
adjust the pitch attitude 
upward to maintain altitude. 


As you approach the desired airspeed, increase 
the power to the setting you believe will maintain 
the new airspeed, and monitor the results on the 
airspeed indicator. 


To make a large reduction in 
airspeed, reduce the power 
below the setting required 
for the new airspeed. 
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too low, or vice versa, you can trade one for 
ust the power under these condi- 
] need to make a larger power 


If your airspeed is too high and your altitude 
the other by adjusting pitch. You may not need to adj 
tions. If both airspeed and altitude are high or low, you wil 
adjustment to correct the two conditions. [Figure 2-36] 
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power reduce power 


Figure 2-36. Depending on the situation, a deviation in airspeed and altitude may or may 
not require you to adjust the power. Therefore, make sure you cross-check before making 
a power adjustment. 


STANDARD-RATE TURNS 


In small airplanes, you normally turn at a standard rate of three degrees per second. To 
enter a level turn, use the attitude indicator to establish an angle of bank you expect will 
result in a standard-rate turn. The attitude indicator is primary for bank while rolling 
into the turn. The altimeter is the primary instrument for pitch during roll-in and 
throughout the turn because there is no intended change in altitude. 


BANK CONTROL 

Whether conducting a level, climbing, or 
descending turn, the turn coordinator is the 
primary instrument for bank once established 


The primary bank instrument while 
transitioning to any standard-rate turn 
is the attitude indicator. The primary 


in the turn. This is because it is the only pitch instrument during roll-in and throughout a 
instrument that can tell you whether the constant altitude turn is the altimeter. The turn coor- 
angle of bank you have established is main- dinator is a supporting bank instrument during roll- 
taining the desired rate of turn. The attitude in, and becomes primary once the turn is 
indicator is a supporting bank instrument; established, _ 


use it to correct any deviations identified on 
the turn coordinator. [Figure 2-37] 


Rate of turn varies with true airspeed and the angle of bank. You can quickly estimate the 
approximate angle of bank required for a standard-rate turn by dividing the true airspeed 
in knots by 10 and adding 5 to the result. For example, according to this rule of thumb, 
the angle of bank required for a standard-rate turn at 110 knots is 11 plus 5; or 16°. The 
rate of turn at any given airspeed depends on the amount of sideward force causing the 
turn; that is, the horizontal component of lift. This varies directly in proportion to the 
bank in a coordinated turn, so the rate of turn at a given airspeed increases as the angle 
Ee of bank increases, and the turn radius decreases. [Figure 2-38] 
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Check the attitude 
indicator and you may 
find the bank has 
decreased from the 17° 
you initially established. 


Reestablish your initial 
bank or increase it, 
if necessary 


Assume the turn 
coordinator indicates 
a slower than 
standard-rate turn 


Check back with the 
turn coordinator to verify 
the results. 


Am @ —S i êi 
ant T Ah 


rn coordinator is the primary bank instrument. 


F e 2-37. Once established in a standard-rate turn the 
This e u 10S snt information about bank. In stabilized flight conditions, like 
this one, the primary instrument is one on which you try to maintain a conste dication. 


Angle of Bank 10° 


Rate of Turn 1.5° /sec 


Angle of Bank 20° 


True Airspeed 130 Knots 165 Knots 200 Knots 
Radius of Turn 3° /sec 2.4° /sec 2° /sec 
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To stop the turn on the desired heading, lead your 
roll-out by about one-half the angle of bank. For 
example, if in a 16° bank, begin your roll-out 8° 
before you reach the desired heading. With experi- 
ence, you may choose a different leadpoint for 
your rate of roll-out, depending on your technique. 


PITCH CONTROL 


Remember to scan your pitch instruments during 
roll-in, roll-out, and throughout the turn. It is easy 
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The rate of turn at any airspeed is depen- 
dent upon the horizontal component of lift. 
It can be increased and the radius of turn 
decreased by increasing the bank and/or decreasing 
airspeed. During a constant bank level turn, an increase 
in airspeed would cause the rate of turn to decrease, 
and the radius of turn to increase. 


to get an unintended pitch change because of the loss of vertical lift in a turn. The nose 
tends to pitch down, but since most pilots automatically apply back pressure, overcom- 
pensation and a nose-up deviation can also occur. Careful monitoring of the attitude 
indicator helps you apply precise control adjustments because this instrument simulta- 
neously displays pitch and bank information. Monitor the altimeter (the primary pitch 


instrument) to verify the correct pitch attitude. [Figure 2 


to make sure Ja are hold- 
|_ ing the intended pitch. Also 
al gator ite VSI, which vacuum 


Watch the altimeter to 
mae “Sure the pitch you i 
have chosen maintains the - 
desired altitude, 
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The primary reason the angle of attack 
must be increased to maintain a constant 
altitude during a coordinated turn is 
because the vertical component of lift has decreased 
as the result of the bank. 


When airspeed is decreased in a turn, the 
angle of bank must be decreased and/or 
the angle of attack increased to maintain 
level flight. Conversely, when airspeed is 
increased during a level turn, additional vertical lift is 
generated. To avoid climbing, you must increase the 
angle of bank and/or decrease the angle of attack. 


POWER CONTROL 


SECTION B 


If you reduce power to decrease airspeed in a 
level turn, you will lose some lift and must 
either increase the angle of attack and/or 
decrease the angle of bank to maintain alti- 
tude. Decreasing the angle of bank also is 
necessary to maintain the same rate of turn at 
a slower airspeed. Conversely, increasing the 
airspeed results in excess available lift, 
which requires a decrease in angle of attack 
and/or an increase in bank angle to avoid 
climbing. During airspeed changes, as with 
any maneuver where maintaining altitude is 
the objective, the altimeter is primary for 
pitch, supported by the attitude indicator 
and VSI. When rolling out of a turn, you 
must reduce the back pressure or trim that 
you used to maintain altitude during the 
turn. Use the attitude indicator with the VSI 
to adjust your pitch and monitor the results 
on the altimeter. 


An airplane tends to lose airspeed in a level turn because the increased angle of attack results 
in an increase in induced drag. To maintain speed, you need additional power. Although this 
effect is negligible at cruise speed, it can become significant as you slow to approach speed, 
where you should increase the power a certain amount while establishing a turn, rather than 
waiting for the airspeed to bleed off during the turn. [Figure 2-40] 
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The power indicator is your primary 
power instrument for the brief 
period when you are adjusting the 
power in anticipation of a turn, or to 
change airspeed during a turn. 


When your objective is to 
maintain airspeed in a turn, 
your airspeed indicator is the 
primary instrument for power. 


The attitude indicator and VSI TAR 


airspeed in a Eg turn. The airspeed indi- 
cator is considered primary for power as the airspeed 
reaches the desired value. 


Figure 2-40. To control airspeed, use the power instrument(s) to make initial power adjust- 
ments, then use the airspeed indicator to confirm that the adjustment is correct. 


ing instruments for pitch during a change o of 
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STEEP TURNS 


During instrument training, any turn greater than a standard rate is considered steep. 
Normally, you practice these turns with a 45° angle of bank. Although you normally 
would not fly this type of turn in IFR conditions, practicing it during your training helps 
you master controlling the airplane by instrument reference with greater-than-normal 
bank attitudes. This enables you to react smoothly, quickly, and confidently to unex- 
pected abnormal flight attitudes in instrument flight conditions. 


Steep turn techniques are similar to shallower turns, but the need for a higher angle of 
attack to compensate for the greatly reduced vertical coraponent of lift magnifies any 
errors in pitch control. You need to speed up your cross-check, interpret the instruments 
accurately, and apply prompt, smooth control pressures. [Figure 2-41] 


As the bank angle approaches 
about 30 degrees, you will need 
to significantly speed up your 
cross-check, increase back 
pressure to maintain altitude, and 
will likely need to add power to 
maintain airspeed. 


In a steep turn, the attitude 
indicator is the primary 
instrument for bank because 
your objective is to maintain 
a specific angle of bank. 


Once established in the turn, 
retrim the aircraft as necessary. 


The airspeed indicator 
is primary for power, 
since you must adjust 
the power to maintain 
a specific airspeed. 


The altimeter remains primary 
for pitch since your objective is 
to maintain altitude. 


Figure 2-41. To establish a steep turn, roll in slowly, using the attitude indicator for pitch and 
bank reference. 


Because the pitch indications of the attitude indicator can be more difficult to interpret 
in a steep-banked turn, the VSI becomes more important as a supporting pitch instru- 
ment. If it starts showing an undesirable trend, use the attitude indicator to make a spe- 


cific pitch correction, then refer to the VSI and altimeter to verify you have arrested the 
altitude deviation. 


The airplane usually will have a tendency to climb when you roll out of a steep turn 
because of the nose-up trim applied during the turn. Plan on pushing forward on the 


yoke during roll-out and maintaining an increased cross-check until the airplane is again 
trimmed for straight-and-level flight. 


CLIMBS AND DESCENTS 


oe a two general categories — constant airspeed and constant rate. In practice, you 
n ed pursue the best available rate of climb at a specific airspeed and power setting 
en descending on an approach, you normally establish both a specific airspeed and 


rate of descent. To prepare for actual i j 
3 tual instrument flight, you will j i 
descents on constant headings and while turning. E eer 
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CLIMBS 


When entering a climb from straight-and-level flight at cruise airspeed, simultaneously 
increase the power to the climb setting and smoothly apply back pressure. Since the air- 
plane tends to pitch up with additional power, a smooth, slow power application 
ensures you need only slight control pressure to make the desired pitch change. 


CONSTANT AIRSPEED CLIMBS 

Constant airspeed climbs include cruise climbs and climbs at best rate-of-climb (Vy) and 
best angle-of-climb (Vx) speed. You add power, adjust the pitch attitude for the desired 
airspeed, and accept the resulting rate of climb. When established in a constant airspeed 
climb, your objective is to maintain a desired airspeed for a specific power setting. 
Whether climbing straight or turning, the airspeed indicator is the primary pitch instru- 
ment once you are stabilized, because its indications tell you whether pitch adjustments 
are necessary. [Figure 2-42] 


During the pitch transition to a straight climb, the attitude 
indicator is the primary pitch instrument. Once you are 
established in a climb, the airspeed indicator becomes 
the primary pitch instrument with support from the attitude 
indicator. Throughout the climb, the attitude indicator acts 
as a supporting bank instrument. 
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Primary Power 


Supporting Bank Primary Bank l Supporting Pitch 


Figure 2-42. To enter a constant airspeed climb, adjust the miniature airplane on the attitude 
indicator one to two bar widths above the horizon, depending on the aircraft and on the desired 
airspeed. The primary and supporting roles of the attitude indicator and airspeed indicator 
change from the transition to the steady-state climb. 


CONSTANT RATE CLIMBS 

In a constant rate climb you maintain a specific vertical velocity in addition to control- 

ling airspeed. During IFR flight, you might use a constant rate climb within 1,000 feet of 
your assigned altitude, where ATC expects 
you to climb at 500 f.p.m. Because of limited 
horsepower, your training aircraft will likely 


P Te apes to Tansiion from rule be restricted to certain airspeed and climb 
2 flight to a climb at a specific speed iste rate combinations which you will learn with 
increase back elevator pressure until the practice 


attitude indicator shows the approximate pitch attitude 
for that speed climb. The attitude indicator is primary for 
pitch during a change in pitch and primary for bank dur- 
ing a change in bank. Once stabilized in a straight or 
turning climb at cruise-climb airspeed, the primary pitch 
instrument is the airspeed indicator. See figure 2-42. 


Since the VSI may lag six or more seconds, 
use the airspeed indicator to fine tune the 
pitch until the VSI stabilizes on the actual 
climb rate. If you intend to climb straight 
ahead, monitor the heading indicator (the 
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primary bank instrument) throughout the transition and climb to make sure you are not 
turning. In addition, you should cross-check the supporting bank instruments, the atti- 


tude indicator and turn coordinator, for heading control. 


Although the instrument indications for constant rate climbs are very similar to those for 
constant airspeed climbs, you emphasize different instruments in your scan. Once estab- 
lished in the climb, the VSI becomes the primary pitch instrument; if it indicates a 
lower-than-desired rate of climb, you need to pitch up further. The airspeed indicator is 
the primary power instrument; if it indicates low, you need to try a higher power setting, 
if available. [Figure 2-43] Be sure to consider the indications of both the VSI and the 
airspeed indicator before adjusting power. If airspeed is high and climb rate is low, 
pitching up, without adjusting the power, may correct the situation. If both airspeed and 
climb rate are low, you will need a larger power adjustment to restore the desired climb 


rate and maintain airspeed while pitching up. 


Figure 2-43. The primary pitch 

and power instruments for stabi- 

lized constant rate climbs differ 

| from those for steady-state con- 

stant airspeed climbs. During a 

| constant rate climb, monitor the 

| VSI and make any necessary 

| adjustments using the attitude 

indicator. For power, monitor the 

| airspeed indicator and make any 

| needed corrections using the 

manifold pressure gauge or 
tachometer. 


F : 
The attitude indicator and turn coordinator 
are supporting bank instruments during a 
straight, stabilized climb at a constant rate. 


DESCENTS 


You can choose a constant airspeed descent 
when you are not concerned with achieving a 
specific rate of descent. Typically, you will use 
this procedure, sometimes called a cruise 
descent, when you descend from your assigned cruising altitude for arrival at your destina- 
tion. During the approach phase, where precise control of the rate of descent is also impor- 
tant, you need to use a constant rate descent. [Figure 2-44] 


Figure 2-44. The 
objective of a par- 
ticular descent is 
reflected by the 
primary pitch 
instruments. 


The VSI is the primary pitch instrument during a 
constant rate descent. 
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CONSTANT AIRSPEED DESCENTS 
To enter a constant airspeed descent, reduce the power to the recommended value, 
simultaneously pitch down approximately one bar width to maintain airspeed, and 


accept the resulting rate of descent. When you reduce power, the aircraft may have a 
tendency to turn right, so expect to use slight left rudder pressure. 


Depending on the airplane, if ATC wants you to maintain maximum forward speed, you 
may choose little or no power reduction when entering the descent. Even though you do 
not seek a specific vertical velocity on a constant airspeed descent, you should choose a 
pitch and power combination that results in a reasonable rate of descent. Use caution not 
to operate in the yellow arc, unless you are certain of smooth air throughout the descent. 
If you have a fixed-pitch propeller, make sure you reduce power enough to avoid exces- 
sive engine RPM. On high-performance piston engines, you will likely need to reduce 
power gradually, in accordance with the POH, to avoid damage to the engine from rapid 
cooling. 


CONSTANT RATE 
DESGENTS 

A constant rate descent differs from a 
constant airspeed descent in that you use 
pitch to control the rate of descent and 
power to control airspeed. This is true 
whether descending at cruise speed or 
approach speed. As with the constant air- rs n 

speed descent, begin by simultaneously 

lowering the nose of the miniature airplane just below the attitude indicator’s horizon 
bar and reducing the power to a predetermined setting. 


The VSI is the primary instrument for pitch once you are established in the descent, and 
its indication has stabilized. If, for example, it indicates too low a rate of descent, use 
the attitude indicator to pitch down further, then scan the VSI to verify the results. The 
airspeed indicator is primary for power. If the speed is too slow, add power. As with a 
constant rate climb, be sure to consider the indications of both the VSI and the airspeed 
indicator before adjusting power, since these factors affect each other. 


LEVELOFF FROM CLIMBS AND 
DESCENTS 


Leveloff procedures are similar whether climbing or descending. To avoid overshooting 
your desired altitude, it is important to lead your leveloff. The amount of lead depends 
on the aircraft, pilot technique, and the desired leveloff speed. As a guide, use 10% of 
the vertical velocity when you intend to maintain the descent speed during leveloff. For 
example, if your vertical velocity is 500 f.p.m., begin the leveloff 50 feet before you 
reach the desired altitude. In some situations, you may need to level off at an airspeed 
higher than your descent airspeed. If descending at 500 f.p.m., add power when you are 
100 to 150 feet above the desired altitude. 


The attitude indicator is the primary pitch instrument during the transition to level 
flight. The tachometer or manifold pressure gauge is primary for power as you move the 
throttle to the setting you estimate will give you the desired airspeed in level flight. 


CLIMBING AND DESCENDING TURNS 

Climbing and descending turns are combinations of the straight climb and descent proce- 
dures with turns. As always, expect changes in pitch forces when rolling into and out of 
turns, and use the attitude indicator to correct any deviations identified on the primary 


instruments. 
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COMMON 
ERRORS 


Gaining proficiency in basic attitude instru- 


To level off from a 500 f.p.m. descent while 
maintaining airspeed, lead the desired alti- 
tude by approximately 50 feet. Use approxi- 


Q 


ment flight requires considerable pr actice. It mately 10% of the vertical velocity to determine how far 

is not unusual for beginning instrument stu- to lead the leveloff from a climb or descent. To level off at 
dents to encounter several areas of difficulty an airspeed higher than the descent speed, add power at 
You can go a long way to becoming proficient approximately 100 to 150 feet above the desired altitude. 


at attitude instrument flying if you can recog- 
nize a recurring problem and learn how to 
prevent it. Many solutions to common errors 
encountered by students are shown in figure 2-45. 


SOME COMMON ERRORS AELATED TO ATTITUDE INSTRUMENT FLYING ) 
Cirat | 


Not correcting for pitch deviations Do not fixate on the heading indicator. 


during roll-out from a turn 


Large deviations from the desired Do not tolerate small deviations. If you detect an error, initiate a 
attitude, heading, and airspeed correction immediately. 

Consistent loss of altitude during During turn entry, apply back pressure to compensate for the loss 
turn entries of vertical lift. 


Consistent gain in altitude when Make sure you relax back pressure during roll-out. If you added 
rolling out from a turn nose-up trim during the turn, use some forward pressure until you 
can trim for level flight. 


Chasing the vertical speed 
indications 


Do not rush the pitch correction. If you aggressively apply a large 
correction, you are more likely to aggravate the existing error. 


This can occur when you fixate on the airspeed indicator or manifold 
pressure/tachometer. Make sure your continue a good scan. 


Do not use too much bank angle for the amount of heading change. 
Also, continue to scan and begin your roll-out with the proper lead. 


Make sure you continue to cross-check the heading indicator and 


turn coordinator, particularly during changes in power and pitch 
attitude. 


Unable to maintain heading 
consistently 


Periodically, include the magnetic compass in your scan. 


Maintain a light touch on the controls so you can feel the pressures. 
Use the trim frequently and in small amounts. 


Figure 2-45. Understanding common instrume 


ae nt flying erro i i 
beneficial to all instrument pilots. ying errors and the ways to avoid them is 
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COPING WITH INSTRUMENT 
FAILURE 


The general aviation industry, the NTSB, and the FAA are concerned about the number 
of fatal aircraft accidents involving spatial disorientation of instrument-rated pilots who 
have attempted flight in the clouds with inoperative gyroscopic heading and attitude 
indicators. Light aircraft generally are not equipped with dual, independent, gyroscopic 
heading or attitude indicators and in many cases have only a single vacuum source. 
Therefore, the Instrument Rating Practical Test Standards stresses the need for instru- 
ment pilots to acquire and maintain adequate partial panel instrument skills and that 
they be cautioned to avoid over reliance on the gyroscopic instrument systems. 


IDENTIFYING AN INSTRUMENT 
FAILURE 


Although your training gives you some preparation in flying with a gyroscopic instru- 
ment failure, it is difficult to accurately simulate instrument failure the same way it 
might occur during actual IFR flight. While you know an instrument failure is being sim- 
ulated when your instructor covers the attitude and heading indicators, actual failures 
are not nearly as obvious. An attitude indicator failure can be as subtle as continuing to 
indicate wings level while the airplane gradually drifts off into a diving spiral. It is 
important that you continually monitor all the instruments, to make sure the attitude 
indications correspond to other instrument indications. When there is a conflict, you 
must apply your knowledge and experience to determine which instrument(s) has failed. 


If you suspect a problem with the attitude indicator, try a small control input, and see if 
the instrument responds. If it does not, then write it off immediately, and also suspect 
failure of the heading indicator, the other vacuum instrument. If it does respond as 
expected, it may be working, but you should still suspect an inaccurate indication due 
to precession. Ultimately, you must analyze the instrument indications from different 
instruments and systems and accept the instruments that correlate with each other. [Fig- 
ure 2-46] 


VACUUM SYSTEM FAILURE ATTITUDE INDICATOR FAILURE 
The attitude and heading indicators (both vacuum All instruments except the attitude 
driven) are showing conflicting information. The indicator depict a climbing right turn. 


attitude indicator shows a bank to the right and 
the heading indicator shows a turn to the left. 
Believe the remainder of the instruments, which 
show straight-and-level flight. 


Figure 2-46. When instruments give inconsistent indications, look for agreement between pitch 
instruments and between bank instruments. 
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ATTITUDE INDICATOR FAILURE Shn 
Jet and military aircraft usually have electrically powered attitude indicators and back- 
up systems. Most airliners are required by regulations to have three attitude indicators, 


and the third attitude indicator must have a 
separate source of power. Electric attitude 
indicators are equipped with an OFF flag 
which appears when the electrical power 
fails or the gyro is not operating at the proper 
speed. Some newer piston aircraft also have 
OFF flags on vacuum-powered attitude indi- 
cators. [Figure 2-47] If an electric attitude 
indicator fails, reset the circuit breakers in an 
attempt to restore the instrument. Do not let solving this problem distract you from air- 
craft control, which is a critical issue if flying in IFR condi- 
tions. Unless your aircraft is equipped with a manually 
activated backup vacuum pump, there is nothing you can 
do about the failure of a vacuum-powered attitude indicator. 
A recommended practice is to cover the failed instrument 
with a sticky note or other piece of paper to prevent it from 
distracting you with conflicting indications. 


Figure 2-47, Cessna’s new light aircraft have OFF flags on their 
į vacuum-powered attitude indicators. 


HEADING INDICATOR FAILURE 

The heading indicator also tends to fail in a subtle way. You may believe you are doing 
an excellent job controlling your heading when, in fact, the heading indicator has 
simply failed. In many cases, you can avoid being caught by surprise if you check the 
heading indicator against the magnetic compass at 15 minute intervals. 


While flying in IFR conditions, your first sign of a heading indicator failure may be when 
you experience difficulty tracking a VOR or GPS course. Suspect a failure of your head- 
ing indicator if your heading adjustments do not produce the expected results on your 
navigation instruments. If your VOR indicates an unusual deviation, you can easily 
make a small correction by using your turn coordinator to make a standard-rate turn for 
several seconds. Remember to make course corrections a little at a time and give the VOR 
needle some time to respond before making additional corrections. You will review VOR 
tracking procedures in Section C of this chapter. 


PARTIAL PANEL FLYING 


If you experience failure of your vacuum-powered gyroscopic instruments in IFR condi- 
tions, you will need to transition to flying partial panel, that is, you will be controlling 
the aircraft primarily with reference to the altimeter, airspeed indicator, turn 
coordinator, VSI, and magnetic compass. To help prepare you for this possibility, you 
will practice partial panel flying during your training. In addition, you will be required 
to demonstrate basic attitude instrument flying on partial panel and be required to fly a 
partial panel instrument approach during the practical test for your instrument rating. 


If your gyroscopic attitude indicator and/or heading indicator fails in instrument 
conditions, you should immediately inform ATC even if control of the aircraft is not an 
immediate problem. Depending on the conditions, loss of the attitude indicator can be 
particularly serious, since it may be difficult to comply immediately and accurately with 
AMG instructions. In many cases, your best option is to divert to a nearby airport with 
more favorable weather conditions. If you must conduct a partial panel approach in IFR 
conditions, try to get a radar approach. These approaches, during which ATC provides 
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you horizontal, and, in some cases, vertical course guidance, are covered in detail in 
Chapter 10, Section A, IFR Emergencies. 


(Ame 


STRAIGHT-AND-LEVEL FLIGHT 

Since the altimeter normally is your primary pitch instrument, you still have all the 
information you need to maintain level flight when flying partial panel. However, if your 
attitude indicator fails, flying straight-and-level is more difficult because the remaining 
instruments do not provide you with an instantaneous pitch indication. Besides the 
altimeter, the VSI and the airspeed indicator are your next best instruments for pitch 
information. Yet, because of lag, these instruments also do not immediately indicate the 
exact result of a pitch adjustment. Therefore, when flying partial panel, it is even more 
important to apply gentle, precise control inputs, and patiently watch for the results on 
your primary instruments. If you inadvertently enter a climb or descent, your first objec- 
tive is to reestablish level flight, then gently correct back to your intended altitude. If you 
pay attention to the speed at which the altimeter is moving up or down, it can help you 
determine the amount of deviation from level flight attitude and the approximate cor- 
rection you need to make. 


Without the heading indicator, you must use the magnetic compass and turn coordinator 
to maintain heading. While doing so, it is important to keep the miniature airplane as 
level as possible. Even barely visible deviations on the turn coordinator can easily result 
in heading errors of 30° or more within one minute, and the problem is even worse with 
the older, less precise, turn and slip indicators. Before making adjustments, give the 
compass time to stabilize in straight-and-level, unaccelerated flight, unless it is obvious 
that you are significantly off your desired heading. If the compass card bounces or 
swings, you can average the readings and correct back to your desired heading using 
timed, standard-rate turns. If you are 10° away from your desired heading, try a three sec- 
ond standard-rate turn. 


TURNS 

Use your turn coordinator to establish and 
maintain partial panel turns. Control of 
bank is easier than pitch, even with the 
loss of both the attitude indicator and 
heading indicator. The turn coordinator, 
which is your primary instrument for 
bank, responds quickly enough to adjustments in bank to enable good bank control with- 
out the attitude indicator. 


Without the support of the attitude indicator, you must use the altimeter, VSI, and 
airspeed indicator to maintain pitch the same as in straight-and-level flight. But, without 
the attitude indicator, it is more challenging to accurately compensate for the 
pitch-change tendencies while maneuvering or during power/airspeed transitions. 
Gentle control technique, with some knowledge and experience of the required control 
pressures, helps avoid overcontrolling. Having the airplane properly trimmed before 
entering a turn is another key factor. Finally, you should increase your scan rate to 
compensate for the lack of the attitude indicator. 


COMPASS TURNS 

When you use the compass to turn to a northerly heading in the northern hemisphere, 
remember to roll out before the compass reaches the desired heading. When you turn to 
a southerly heading, wait until the compass passes the desired heading. As you learned 
in Section A of this chapter, compass turns should be at standard rate, and the amount 
of lead or lag approximately equals your latitude. Turning error is small when turning to 
an easterly or westerly heading; no special correction is needed. When you turn to north- 
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= In the mid 1990s, the Advanced General Aviation Transport Experiments (AGATE) consortium was formed with the 
goal of developing a blueprint for a simpler, more viable medium range (150-700 nautical miles) aircraft than is currently provided 
in the general aviation market. This joint government/industry team comprises more than 70 members, including participants from 
NASA, the FAA, universities, non-profit organizations, and over 30 companies from the aviation industry. 


The thrust of the AGATE initiative is to develop affordable new technology, as well as the industry standards and certification meth- 
ods for airframe and cockpit design, flight training systems, and airspace infrastructure for the next generation single-pilot, 4-6 
place, near all-weather light airplanes. The new aircraft [Figure A] is envisioned to revitalize a stagnant general aviation industry 
and provide transportation as safe, comfortable, cost-effective, and reliable 
as travel in an automobile or on an airliner. 


In response to the AGATE mandate, a futuristic cockpit layout has been 
developed. [Figure B] In the design, traditional light aircraft instrumentation 
has been replaced by a more intuitive multi-function display (MFD). 
Through the MFD, the pilot will be able to access up-linked weather data, 
GPS navigation information, data-linked ATC communications, terrain and 
traffic advisories, a PC-based flight planning package, and a multitude of 
other features. Critical attitude instrument flight information shown on the 
MFD will also be available through a head-up display in front of the wind- 
screen, facilitating the transition from an instrument scan to visual flight. 


One of the integral parts of the AGATE project is a training system which will use advanced technologies and techniques to allow a 
student to progress through pilot training more quickly and at a cost that competes with other transportation options. If all goes 
according to plan, learning to fly on instruments and maintaining your proficiency will be easier than ever. Nevertheless, the basics 
of instrument flight are unlikely to undergo significant changes in the near future. A thorough understanding of the airplane’s instru- 
ment systems, as well as the ability to maintain a solid scan of pertinent data will still be necessary. In the end, AGATE may allow 
general aviation to really take off, yet a pilot lacking in fundamental instrument flight techniques will be stuck on the ground. 
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west, northeast, southwest and southeast headings, it may be necessary to use some lead 
or lag to account for turning error. 


While executing compass turns, it is common for instrument students to fixate on the 
compass during rollout. Remember that until the airplane is stabilized in straight-and- 
level, unaccelerated flight, the indicated heading is not accurate. It is better to concen- 
trate on other instruments to maintain straight-and-level flight before checking the 
accuracy of your turn. 


TIMED TURNS 

A timed turn is the most accurate way to turn to a specific heading without the heading 
indicator. In a timed turn, you use the clock instead of the compass card to determine 
when to roll out. For example, using a standard rate turn (3° per second), an airplane 
turns 45° in 15 seconds, You can still use the magnetic compass to back up the clock, 
when determining the time to roll out of a turn. 


Prior to practicing timed turns, you need to determine the accuracy of the turn coordinator. 
Establish a standard-rate indication on the instrument for 30 seconds and determine 
whether the airplane turns 90°. If not, keep repeating the turn, adjusting the bank until you find 
the turn indication that corresponds to an actual standard-rate turn in each direction. 
Make a mental note of that indication and use it for standard-rate turns. 


Divide the degrees of desired heading change by three degrees per second for a standard- 
rate turn, to get the number of seconds of turn. Start the roll-in when the clock second hand 
passes a cardinal point, hold the turn at the calibrated standard-rate indication, and begin 
the roll-out after the computed number of seconds. Do not count the time to roll in and out 
of the turn, and consider using half-standard-rate turns for small heading changes. 


CLIMBS AND DESCENTS 

Without the support of the attitude indicator, it is easier to control the transition to a 
climb if you first slow the airplane to a reasonable climb speed. Although you do not 
have the benefit of an instantaneous attitude indication, you still have instruments to set 
climb or descent power. Accurately setting power helps the airplane react predictably 
and makes it easier to control. However, avoid fixating on the power indicator, especially 
in partial panel conditions when you need an increased scan rate. Glance at the tachome- 
ter or manifold pressure gauge, move the throttle an estimated amount to correct any 
deviations, and move on with your scan. Check the results of the adjustment in a couple 
of seconds when your scan returns to the power instrument(s). 


Use the altimeter, VSI, and airspeed indicator in place of the attitude indicator to make 
changes in pitch. Because of the lag of these instruments, it is very important to make 
smooth, gradual control inputs and allow a few moments for the change in pitch to be 
reflected on these instruments. The rate of movement of the altimeter also gives you indi- 
rect pitch information, but requires more interpretation than the VSI. 


Partial panel bank control during climbing and descending turns is essentially the same as 
during level turns. Use the compass turn techniques described earlier to determine when to 
roll out of a turn. Although the most challenging part of partial panel turns is controlling 
pitch, it is essential you closely monitor your turn coordinator to prevent overbanking 
which could lead to a diving spiral. Carefully monitor the altimeter, VSI, and airspeed indi- 
cator to determine if rolling in or out of the turn has caused undesired deviations. 


PITOT-STATIC INSTRUMENT FAILURES 

Most of your partial panel training will focus on failure of gyroscopic flight instruments. 
It is almost impossible in flight to simulate the types of failures that affect the airspeed 
indicator, altimeter, and VSI discussed in Section A of this chapter. You may wish to 
consider practicing some of these instrument failures in a simulator, flight training 
device, or personal computer aviation training device (PCATD). If you do not experience 
these failures during your training, they will likely be unexpected and confusing when 
they occur. 
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The most insidious of these failures is total blockage of the pitot system, discussed in a 
detail in Section A of this chapter. Blockage of both the ram air inlet and the drat 10le 
causes the airspeed indicator to react like an altimeter, moving in the opposite Sor = 
you would expect the airspeed indicator to move 1n a climb or descent. [Figure 2-4 3 
flight breakups of aircraft have occurred because the pilot dove the Birnin at spee f 
exceeding red line while the airspeed indication dropped toward stall speed. Mas m 
to use your experience in the aircraft when evaluating the indications of the airspeed indi- 
cator. If the airplane sounds like it is going fast, and the airspeed indicator decreases even 
more rapidly when pushing forward on the yoke, you should suspect your airspeed is not 
really dropping. If you do not hear the stall warning as the airspeed indicator drops to the 
bottom of the green arc, and the altimeter shows a descent, it is time to revise your thinking 
about what the airspeed indicator is telling you. 
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Blocked Pitot System 
The airspeed indicator is increasing, implying 
a dive, which conflicts with the climb 
information shown by the attitude indicator, 
altimeter, and VSI. You can trust the attitude 
indicator, because it agrees with every 
instrument but the airspeed indicator. 


Failing Airspeed Indicator 
All instruments except the 
airspeed indicator suggest a 


level right turn. The pitot ram 
air input may be icing over. 


Figure 2-48. A good instrument cross-check can help you identify instrument failures. 


Although the altimeter is not immune to failure, it cannot fail in such a way as to show 
a climb when you are actually descending. When you discover the airspeed indicator is 
deceiving you and realize you are in a dangerous high-speed dive, immediately reduce 
power, verify wings level and very slowly adjust pitch to a level flight attitude. 


UNUSUAL ATTITUDE 
RECOVERY 


An unusual flight attitude can occur even with a properly trained instrument pilot, due 
to failure of the attitude indicator, disorientation, wake turbulence, lapse of attention, or 


abnormal trim. To become instrument-rated, you must demonstrate recovery from 
unusual attitudes with or withoui the attitude indicator. 


To practice unusual attitude recoveries, 
and close your eyes, while he/she m 
disorientation. The instructor will the 
airplane to make a proper recove 
attitudes by executing the 
nearly simultaneously. 


your instructor will have you pass the controls 
aneuvers the aircraft in such a way as to induce 
n have you open your eyes and take control of the 
ry. In most cases, you should recover from unusual 
appropriate corrective control applications in sequence, but 
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NOSE-HIGH ATTITUDE 


The indications of a nose-high attitude are decreasing airspeed, rapid gain in altitude, a 
high rate of climb, and a nose-high attitude on the attitude indicator. To recover, you 
should add power, apply forward elevator pressure to prevent a stall, and correct the 
bank by applying coordinated aileron and rudder pressure to level the miniature aircraft 
and center the ball of the turn coordinator. [Figure 2-49] 


If the airspeed is decreasing or below the desired If you suspect the attitude indicator is inoperative, apply just 
airspeed, add power. Use the attitude indicator to enough forward pressure to reverse the movement of the 
lower the nose and level the wings. airspeed indicator and altimeter and to start the VSI moving 


toward zero. 


If you suspect the attitude indicator is inoperative, use the turn 
coordinator to level the wings. 


Figure 2-49. If your attitude indicator indicates a nose-high attitude confirmed by other instruments, 
you can quickly recover using the attitude indicator. If your first indication of an unusual attitude is indi- 
cations from other instruments, and those instruments agree with each other, then disregard the atti- 
tude indicator and use the other instruments for recovery. 


NOSE-LOW ATTITUDE 

The indications of a nose-low attitude are increasing airspeed, rapid loss of altitude, a high 
rate of descent, and a nose-low attitude on the attitude indicator. The objective of a nose-low 
unusual attitude recovery is to avoid a critically high airspeed and load factor, as well as pre- 
venting the loss of altitude. To correct you should reduce power to prevent excessive airspeed 
and loss of altitude. Then, use coordinated aileron and rudder pressure to level the miniature 


The correct sequence for recovery from the 
Rd unusual attitude indicated in figure 2-49 is 
| to add power, lower the nose, level the 
wings, and return to the original attitude and heading. 
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2) If you suspect the attitude indicator is inoperative, use the 


- taal i ired : 
w If the airspeed is increasing, or above the desire uit coordinator o E e E 


airspeed, reduce power to prevent excessive airspeed. 
Use the attitude indicator to first level the wings and 
then gently raise the nose to a level pitch attitude. 


Figure 2-50. If your attitude indi- 
cator indicates a nose-low atti- 
tude confirmed by other 
instruments, you can quickly 
recover using the attitude indica- 
tor. If your first indication of an 
unusual attitude is from other 
instruments, and those instru- 
ments agree with each other, 
then disregard the attitude indica- 
tor and use the other instruments 
for recovery. 


If you suspect the attitude indicator is inoperative, use the altimeter 
and VSI to recover from the dive after leveling the wings. Apply just 
enough back pressure to reverse the movement of the airspeed 
indicator and altimeter and start the VSI moving toward zero. 


SPIRALLING CUT OF CONTROL 


From the files of the NTSB... 


Aircraft: Cessna P210N 
Injuries: 5 Fatal 


Narrative: The pilot called center while airborne and requested an IFR clearance. About 15 minutes after receiving the clear- 
ance, he was given a vector for traffic. The pilot said he needed help and asked if he was on course, then said he was in an 
unusual attitude and couldn’t determine why. About 15 seconds later the pilot indicated he might be in a spin. The controller said 
he was showing the airplane as level and asked if the pilot was having problems, to which he responded, “yes our vacuum ... our 
artificial gyro is showing us at a very unusual attitude.” The airplane was observed coming out of the clouds with wings separat- 
ing from the airplane. The airplane had a vacuum system problem which was recorded as repaired and checked as OK about 


2 1/2 months before the accident. The pilot had about 4 hours of actual and about 56 hours simulated instrument time. The vac- 
uum pump was destroyed in the impact. 


The NTSB listed the following probable causes of the accident: 
1) A partial loss of the airplane’s vacuum system which resulted in the total loss of the directional gyro and the attitude indicator, 
2) the pilot not maintaining aircraft control due to spatial disorientation, and 3) the pilot not correcting for a spiral by using proper 


recovery techniques which resulted in the overload failure of the wings. A factor in the accident was the pilot’s lack of total instru- 
ment flight experience. 


At the first indication of an instrument failure, you should concentrate on maintaining control of 


ae) the airplane using the properly 
functioning instruments. By flying the airplane first, then navigating, 


and finally communicating, you provide yourself with the best 
opportunity to maintain situational awareness and avoid instances where you become spatially disoriented. 


lf an unusual attitude situation develops despite your best efforts, it is essential that you remain calm and not suddenly pull back 
on the yoke when the airspeed is running away or the aircraft is in a turn. Reduce power to idle and level the wings before trying 
to pull out of an unusual diving attitude. You may even consider extending the landing gear to help regain control of the airspeed. 
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aircraft and center the ball in the turn coordinator. Finally, use smooth back pressure to raise 
the nose to a level flight attitude. [Figure 2-50] 


PARTIAL PANEL UNUSUAL ATTITUDE 
RECOVERY 


During your training, your instructor may require you to recover from unusual attitudes 
while flying partial panel. When recovering from an unusual attitude with partial panel, 
use the turn coordinator to stop a turn, and the pitot-static instruments to arrest an unin- 
tended climb or descent. You know you are passing through a level pitch attitude when 
you stop and reverse the direction of the altimeter and airspeed indicator, and start the 
VSI needle moving back toward zero. At this point, use the elevator pressure that main- 
tains this pitch, give the instruments a moment to stabilize, then gently correct back to 
your desired altitude. 


STALLS 


You may practice stalls during instrument training to demonstrate that the recognition 
and recovery procedures under instru- 
ment conditions are the same as under 
visual conditions. Recover from a stall by = sy 
immediately reducing the angle of attack : if an airplane is in an unusual flight attitude 
and increasing power to the maximum rt) and the attitude indicator has exceeded its 
allowable value. [Figure 2-51] Be careful 


limits, the airspeed and altimeter should be 


to keep the ball centered on the turn relied on to determine pitch attitude before starting 
coordinator throughout the stall because recovery. When recovering without the aid of the atti- 
the wing will drop on the side opposite to tude indicator, approximate level pitch attitude is first 
the ball displacement in an uncoordi- attained when the airspeed and altimeter stop their 
nated stall and can easily result in an movement and the VSI reverses its trend. 


unusual attitude. 


Figure 2-51. To enter a stall, establish and hold a pitch attitude that results in a stall. To recover, 
pitch down to a level or slightly nose-low flight attitude and add power. 
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CONTROL AND 
PERFORMANCE GCONCGEPT 


Widely used by military pilots, the control and performance concept of attitude instru- 
ment flying focuses on controlling attitude and power as necessary to produce the 
desired performance. This concept is well suited to high-performance airplanes since 
these aircraft tend to have more precisely calibrated attitude indicators as well as back- 
up attitude indicators, so heavy reliance on that instrument is more prudent. The control 
and performance concept divides the instruments into three categories: control, perfor- 
mance, and navigation. [Figure 2-52] 


Power Indicators 


Attitude Indicators 


Angle of Attack 
Indicators 
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Indicators 
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Figure 2-52. Control instruments directly indicate pitch and power. Performance merameaie 
indicate how the aircraft responds to changes in pitch and power. Navigation instruments (dis- 
cussed in Section C of this chapter) indicate the position of the aircraft relative to a facility or fix. 
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Essentially, a pilot using the control and performance method is controlling the angle of 
attack and thrust or drag relationship of the aircraft. Since the attitude indicator aoe 
an immediate and direct indication of any change in aircraft pitch and bank ‘eats 
proper control and performance technique requires heavy reliance on the attitude indi- 
cator. Much of your attention is devoted to precisely maintaining the denned indicati i 
on this instrument. The attitude indicator is the only instrument you should oR 


continuously for any appreciable len i i 
j gth of time and the inst 
the greatest number of times. [Figure 2-53] ae ea 
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he control and performance method is often 


Under the control and performance concept, you set the power and attitude using the 
power indicator and attitude indicator, the control instruments, and then trim to neu- 
tralize the control pressures. Next, check the performance instruments for the desired 
results. If a correction is necessary, use the control instruments to make any needed 
adjustments. [Figure 2-54] 


Establish an attitude or power setting on the 
control instrument(s) which should result in 


the desired performance. 


Trim until control pressures 
are neutralized. 


A Adjust the attitude or power setting on the 
control instruments if a correction is 


necessary. 


Cross-check the performance instruments to 
determine if the established attitude or power 
setting is providing the desired performance. 
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The control and performance concept relies on the fact that power and pitch combinations 
yield certain performance results. Power control is necessary to maintain airspeed in con- 
junction with attitude changes. From experience, you learn how far to move the throttle to 
make a given change in power. Then, cross check the power indicators to establish a more 
precise setting. Good trim technique is essential for maintaining a constant attitude, and it 
allows you to devote more time to other cockpit duties. As you know, changes in attitude, 
power, or configuration usually require a trim adjustment. With the control and 
performance method, there is emphasis on monitoring the control instruments, and 
confidence that the desired results will follow from well-executed control inputs. 


SUMMARY GHECKLIST 


/ Attitude instrument flying consists of three fundamental skills. These are instru- 
ment cross-check, instrument interpretation, and aircraft control, 


Z Instrument cross-check, or scan, requires logical and systematic observation of the 
instrument panel, The most common scanning errors are fixation, omission, and 
emphasis. 


/ Effective instrument interpretation requires a good working knowledge of how 
each instrument operates. 


Y Aircraft control is the result of instrument cross-check and interpretation. It 
requires that the airplane be kept properly trimmed so small flight control move- 
ments can achieve precise adjustments to pitch, bank, and power. 


v Primary instruments provide the most pertinent pitch, bank, and power informa- 
tion for a given flight condition. Supporting instruments provide additional pitch, 
bank, and power information to help you maintain the desired indications on the 
primary instruments. 


/ Supporting instruments are no less important than primary instruments. The atti- 


tude indicator, although usually a supporting instrument, is essential and central 
to your scan, 


y The attitude indicator is the primary pitch instrument during any change in pitch 
and the primary bank instrument during any change in bank. 


V The altimeter is the primary pitch instrument any time your objective is to main- 


tain altitude, The heading indicator is the primary bank instrument any time your 
objective is to maintain straight flight. 


v The vertical speed indicator (VSI) is the primary pitch instrument any time your 
objective is to maintain a specific rate of climb or descent. The turn coordinator is 


the primary bank instrument any time your objective is to maintain a specific rate 
of turn. 


The airspeed indicator is the primary power instrument any time your objective is 


to maintain a constant airspeed during level flight. It is the primary pitch instru- 
ment during a constant airspeed climb or descent. 


y In a constant airspeed climb, set climb power, pitch up to get a specific airspeed, 


ao accene the resulting rate of climb, In a constant rate climb, maintain a specific 
vertical velocity in addition to controlling airspeed. 
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¥ To enter a constant airspeed descent, reduce the power, pitch down to maintain air- 
speed, and accept the resulting rate of descent. In a constant rate descent, control 
the rate of descent with pitch and control airspeed with power. 


/ Although you will become proficient in partial panel instrument flying, loss of the 
attitude indicator in IFR conditions is a potential distress situation under which 
you should advise ATC. 


y Instrument failures can be subtle. If you suspect an instrument failure, look for cor- 
responding indications among various instruments. 


v A timed turn is the most accurate way to turn to a specific heading without the 
heading indicator. 


V Use the VSI and airspeed indicator to make changes in pitch when flying with 
inoperative gyroscopic instruments. Use smooth, gradual control inputs and allow 
a few moments for the change in pitch to be reflected on these instruments. 


V When recovering from a nose-high unusual attitude, your objective is to avert a 
stall. When recovering from a nose-low unusual attitude, your objective is to avoid 
overstressing the airplane structure, as well as an excessive loss of altitude. When 
recovering partial panel, use the turn coordinator to stop a turn, and the pitot-sta- 
tic instruments to arrest an unintended climb or descent. 


v in the control and performance concept, you use the control instruments, such as 
the manifold pressure gauge and the attitude indicator, to set up power/attitude 
combinations for specific maneuvers. Then, you check the performance instru- 
ments for the desired effect. 


KEY TERMS 


Cross-Check Supporting Instruments 
Fixation Constant Airspeed Climb 
Omission Constant Rate Climb 
Emphasis Constant Airspeed Descent 


Instrument Interpretation Constant Rate Descent 


Aircraft Control Partial Panel 


Primary/Support Concept Timed Turn 


Pitch Instruments Unusual Attitude Recoveries 


Pee iuseruients Control and Performance Concept 


Power Instruments Control Instruments 


Primary Instruments Performance Instruments 
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QUESTIONS 


Match the following concepts with the appropriate statements. 


1. Interpretation A. Looking at only one instrument 


2. Cross-check B. Instrument that offers the most pertinent 
information about pitch, bank, or power 


3. Fixation C. Requires good working knowledge of 
instruments 


4. Control/Performance Concept D. Control instrument 


5. Primary Instrument E. Looking at the right instrument at the right 
time 
6. Attitude Indicator F. Power plus attitude equals performance 


N 


What is the difference between the scanning errors of fixation and emphasis? 


8. What are three things which can affect the pitch attitude required to maintain level 
flight? 


Match the instruments in the photos with the descriptions in Questions 9-14. List all 
instruments that apply; you may use an instrument more than once. 


e \ 


4, NY 
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9. Pitch instruments 

10. Bank instruments 

11. Power instruments 

12. Control instruments 

13. Performance instruments 


14. Primary transition instrument 
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18. 
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20. 


What is the primary pitch instrument during straight-and-level flight, and during 
level turns? 


A. Altimeter 
B. Attitude indicator 
C. Airspeed indicator 


What is the primary bank instrument during straight-and-level flight and during 
straight climbs and descents? 


A. Turn coordinator 
B. Heading indicator 
C. Attitude indicator 


What is the primary power instrument during straight-and-level flight? 
A. Tachometer 
B. Airspeed indicator 


C. Manifold pressure gauge 


What is the primary pitch instrument during a transition from straight-and-level 
flight to a straight constant airspeed climb? What is the primary bank instrument? 


What is the primary bank instrument while rolling into a level standard-rate turn? 
What is the primary pitch instrument? 


Describe the proper sequence for recovering from a nose-low, turning, increasing 
airspeed, unusual flight attitude. 


This section assumes you know how to use a VOR for VFR navigation. For IFR opera- 
tions you must navigate more precisely than you would as a VFR pilot. You also need to 
refine your VOR interpretation skills to the point where you can easily visualize your 
position without any outside visual reference. In addition, you are more likely be flying 
complex or high-performance airplanes with more sophisticated navigation equipment 
and instrumentation. 


VOR 
NAVIGATION 


The cornerstone of aeronautical instrument naviga- 
tion is the VOR. It is likely the first navigation sys- 
tem you learned, and is expected to be a part of the 
U.S. airspace system well into the twenty-first cen- 
tury. Even if VOR is eventually supplanted as the 
primary tool of instrument navigation, the instru- 
ments used to indicate your position probably will 
continue to look and work similar to the present 
VOR indicators. [Figure 2-55] 


Figure 2-55. This VOR display is currently switched to 
a global positioning system (GPS) receiver. Today’s 
VOR indicators are likely to appear in airplanes for 
many years to come. 


There are various types of indicators for VOR navigation, including the basic VOR indi- 
cator, the horizontal situation indicator (HSI) and the radio magnetic indicator (RMI). 
Although these instruments are somewhat different from a functional standpoint, they 
all provide a means of orienting to a desired course, tracking that course, and showing 
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your direction of travel to or from a station. This section reviews VOR navigation with 
emphasis on an HSI presentation. You also will see how some of these indications 
appear on a conventional VOR indicator, so you can observe the similarities and differ- 
ences between the instruments. 


HORIZONTAL SITUATION INDICATOR 


The name of the horizontal situation indicator (HSI) describes its major advantage. The 
design of this instrument solves nearly all reverse sensing and other visualization problems 
associated with a conventional VOR indicator. With an HSI, it is not necessary to mentally 
rotate the airplane to a heading that agrees with your selected course to get a clear picture 
of your situation; the HSI display combines the VOR navigation indicator with a heading 
indicator, so the display is automatically rotated to the correct position for you. [Figure 2- 
56] An HSI normally is mounted in the panel in place of the heading indicator. 


On a conventional VOR indicator, 
left/right and to/from are ambiguous con- 
cepts because they must be interpreted in $ 
the context of the selected course. When 


an HSI is tuned to a VOR station, left and 2° deviation from course en navigat 
right always mean left and right, regardless with a VOR. Each dot from ce er indicates a d iatio > 


of the course selected. The TO/FROM of 200 feet per nautical mil See fig re 2-56. 
indicator is replaced with a simple arrow eo? i ka 4 = a : aa tài 


Asona E TE ca b: l 
dot on an ASe iee dev i ale is a i 


The HSI contains a rotating compass 
card which indicates the aircraft's 
current magnetic heading. In situations 
where a standard VOR indicator gives 
you reverse sensing, the HSI compass 
card turns to provide normal sensing. 


The heading select bug is used with an 
autopilot to automatically turn the aircraft 
to a newly selected heading. 


The airplane's heading is displayed 
under the heading index, also called a 


lubber line. 


The course deviation bar performs 
the same function as the CDI on a 
basic VOR indicator, depicting how far 
you are off course. When you are on 
course, the course deviation bar is 
aligned with the course arrow. 


The course indicating arrow visually 
shows the orientation of the selected 
course relative to your current 
heading. Because of this, left and right 
indications on the course deviation bar 
are always properly oriented. 


Each dot on the course deviation scale 
represents 2° for VOR navigation. 


The glide slope deviation pointer = 
indicates aircraft position relative to an The TO/FROM indicator on an HSI 


instrument landing system (ILS) glide 14 WRN points to the head of the course arrow 
slope. When the pointer is below the Pon’ when the selected course is inbound 
x j 


center position, the aircraft is above to the navigation facility. When the 
the glide slope and vice versa. selected course is outbound from the 
navaid, the TO/FROM indicator points 
away from the course arrowhead. 


The course set knob controls the The heading set knob is used to 
position of the course indicating arrow. position the heading select bug. 


Figure 2-56. On an HSI, you always can see the course to be intercepted with respect to your aircraft, 
regardless of heading. This instrument shows the aircraft on a 070° heading, which is a 30° intercept angle 
for the 040° course from the station, which is currently 9° to the aircrafts right. 


The symbolic aircraft shows your 
position in relation to the selected 
course as though you are above the 
aircraft looking down. 


2-61 


2-62 


CHAPTER 2 PRINCIPLES OF INSTRUMENT FLIGHT 


that always points toward the VOR station or other waypoint. If the arrow points ahead 
of you, it means TO, and if it points behind you, it means FROM. [Figure 2-57] 


The HSI and VOR are set to the 090° inbound course. 
The HS! correctly shows this course in front of the 


airplane and the VOR station to the left. The conventional p009 

UOR ieleerer I$ eh: ee es nite, Ae The HSI and VOR are set to the 360° outbound course. 
Coen n PA a a ve ae ft fies it a Both instruments give proper sensing. Note that the 
opposite its outbound heading. if the aireran tums rig TO/FROM arrow on the HSI points behind the tail of the 
a 270° heading the VOR indicator will reverse sense, ; oy A : ; i 

3 $ : : : aircraft indicating the aircraft is traveling away from the 
implying the aircraft is headed TO the station with the VOR station 


course on the right. 


~ 
Hp 
wl N : MP, 


The HSI and VOR are set to Fee 4 z es a s x 

the outbound course of 270°, KATIT oF | The HSI and VOR are set to the inbound 
but the aircraft is headed Oia Gate) Í course of 360°, and the aircraft is headed 
inbound and diverging from § | i: | inbound. The HSI indicates the aircraft is 
the desired course. The HSI E, | headed TO the station and the course is to 
correctly shows this picture a fo i the left. The VOR also senses properly, but 
and the conventional VOR {> i unlike the HSI, does not show that the 
reverse sarees i aircraft is on a heading to intercept the 

inbound course. 


Jee 


_@ | The HSI and VOR are set to the outbound course of 180°, but the km 
j aircraft is headed inbound. It is currently on course and onaf reverse sapeing on acon 
= | heading that shouid take it to the right of course. The HSI correctly vente la mE) imar, 
oe this sii and the course deviation bar will move to the left you must set it to your 
pa a cg ins off course. The TO/FROM indicator points in intended course and your 
meer 63 leat it is headed TO the station. The heading must generally 
ae Properly shows a FROM indication and the agree with that course. An 
ve to the right as the airplane goes off course. HSI cannot reverse sense 


when tuned to a VOR sta- 

tion, even if you set it 
R-180 opposite your intended 

course or heading. 
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There is one situation in which you need to 
watch out for reverse sensing on an HSI. As 
you will learn in Chapter 8, Section B, the 
course indications on a basic VOR indicator 
are not affected by the OBS setting when 
tuned to a localizer (a navigation aid for an 
approach to an airport runway). However, 
with an HSI tuned to a localizer, the course 
selector must be set to the inbound front course for both front and back course 
approaches or the display will be inverted, resulting in reverse sensing. 


Flying a heading that is reciprocal to the 
bearing selected on the OBS would 
result in reverse sensing on a conven- 
tional VOR indicator. 


The HSI is a marvelous instrument, but because of its expense, is not standard 
equipment on many instrument training airplanes. Nonetheless, the FAA 
expects you to understand its operation, and improving technology should 
make this instrument more 
widely available. [Figure 2-58] Š : m 
You can already practice with An HSI, unlike a conventional VOR indica- 
an HSI on many flight simula- _ tor, gives information about your aircraft 
tors, training devices, and heading and its ee to your 
personal computer-based intended course. See Figure 2-57. r "i 
aviation training devices é ° tie 


(PCATDs). 


Figure 2-58. Many GPS receivers, such as this VFR-only unit, 
incorporate an HSI presentation into the display. 


D The HSI: A Simplified Moving Map 


One of the most exciting advances in general aviation navigation technology is the moving map. Several companies 
offer software that includes moving map capability for preflight and in-flight use. A moving map normally shows your aircraft at the 
center, with a chart or map moving under it to reflect the aircraft's current position. It is the ultimate situational awareness tool. 
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Most persona! computer-based moving maps offer data about the aircraft's current position, as well as time, bearing and distance 

to the next fix and to your final destination. Normally, the moving map will display your planned course, and show your position rel- 
ative to that course. If set to track-up mode, as shown here, you can easily see course intercepts. Notice the similarity between the 
course intercept shown on this moving map presentation and the intercept shown on the horizontal situation indicator. 


Advanced aircraft with flight management systems (FMS) often have electronic flight information system (EFIS) displays that can 
be switched between a simple moving map and an HSI. 
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INTERCEPTING A RADIAL 

A successful intercept starts with visualizing your present position and where you want 
to go. Then, you select a magnetic heading which will intercept the radial or course at a 
g the intercept, scan your navigation instruments carefully and 
judge when to start your turn on course based on CDI deflection and rate of movement. 


[Figure 2-59] 


specific angle. Durin 


Figure 2-59. The intercept angle you use 
normally depends on a variety of factors 
such as your groundspeed, proximity to 
the navigation aid, and whether you will 
track to or from the facility. 


After departing Werner Field, assume ATC 
clears you to intercept V-14 eastbound. 
Choosing a 60° heading for a 30° intercept 
promptly gets you on the airway. The CDI 
needle will show a full-scale deflection until 
you are within 10° of your course. Note how 
fast the needle is centering when determining 
when to start your turn on course. 


90° Angle 


Assume ATC gives you a 90° intercept to 
separate you from traffic ahead. At this angle, 
be prepared to promptly begin your turn on 
course when the needle begins to center, or 
you will overshoot your course before 
completing the turn. 


TRACKING 

As you know, tracking a VOR radial 
is a trial and error process in which 
you establish a heading and watch 
whether it holds the desired course. 
Your preflight planning and your 3 , 
experience will help you estimate an ` 
initial heading. If you do not know 
the wind direction, simply try your 
intended course as your heading and watch the CDI needle. If it moves off course, turn 
20° toward the needle and hold the heading correction until the needle centers. Reduce 
the drift correction to 10°, note whether this drift correction angle keeps the CDI cen- 
tered, and make subsequent smaller corrections as needed. [Figure 2-60] 


DETERMINING YOUR PROGRESS 


In addition to navigating on course, you can use VOR 
along your route. If you have two VOR receivers, you can determine your position sim- 
ply by tuning your second VOR receiver to a station located to the side of your route 
This can be especially helpful as you approach navigation fixes which are identified by 
off-route VORs. If you have only one VOR receiver, then carefully hold the heading that 


tracks your course from the first VOR wh; 
1 : > while you tune to the second j j 
intersects your course. [Figure 2-61] Pao 


s to help you check your progress 
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Figure 2-60. Visualizing the wind 
direction on the face of your head- 
ing indicator or HSI, can help you 
determine an initial heading to try 
for wind correction. A 20-knot wind 
perpendicular to this 120-knot air- 
plane’s course requires about 10° 
of correction. 


orecast Wind 


The conventional VOR indicator, 
when set to the Anthony 060° radial 
with a FROM indication, points 
toward the VOR station (the 


airplane's left) while heading toward 
WENDL, and away from the VOR 
station (the airplane's right) when 
heading away from WENDL. 


d e w 
Although it is easier to identify an intersec- 
|} tion when you have two VOR receivers, one | 
VOR receiver is the minimum equipment 


eel i i 
needed. See figure 2-61. 5 +9 


The number 2 nav is tuned to Anthony 
VOR. As the aircraft passes WENDL 
intersection, the HSI shows the Anthony 
060° radial moving from in front to behind 
the aircraft. 


2.1G-KANKAEE 
CHICAGO WX-'2.0 


p ANTHONY 
8111.2. ATx] 


Figure 2-61. The HSI and VOR nee- 
dies center as you reach an intersec- 
tion defined by a radial from a VOR 
station to the side of the route. 
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TIME AND DISTANCE TO A STATION 


While navigating using a VOR, you can calculate your time and/ or distance to the ae 
using a set of formulas or basic geometry. The formula method involves turning to place 
the station 90° from the aircraft heading and measuring the time it takes to travel to a 
new radial. The longer it takes to traverse a given number of radials, the farther you are 
from the station and the longer it will take to get there. Similarly, the smaller number of 
radials you cross in a given time, the farther you are from the station. Once you deter- 
mine your time to reach a specific radial, you can calculate the time and distance to the 
station using the formulas shown in figure 2-62. 


Time for Bearing Change (Minutes) x 60 3 6 x 60 
Degrees of Bearing Change 


Time to Station= = 36 Minutes 


Time for Bearing Change (Minutes) x KTAS 
Degrees of Bearing Change 


Distance to Station= Time to Station (Minutes) x TAS (n.m./min.) = 


6 Minutes x 120 KTAS 
10° 


36 Minutes x 2 n.m/min. = 72 Nautical Miles 


Figure 2-62. To determine your time and distance to the station, turn to place the station off the airplane’s wingtip. 
Then, measure the time to move between 2 selected radials (a 10° change is easy to measure and calculate). In 
this example, the aircraft, traveling 120 knots (2 n.m./min.) traverses 10° in 6 minutes. The depicted procedure and 
accompanying formulas can be used to calculate time and distance to both a VOR and an NDB. 


The isosceles triangle method uses a funda- 
mental geometric principle to determine the 
time to a station. Procedurally, you turn 10° 
(or any angle) to the side of your course and 
twist your course selector the same amount 
in the opposite direction. Time to station is 
the same as the time it takes for your CDI to 
center (assuming no wind). [Figure 2-63] 


Figure 2-63. While using the isosceles triangle method to determine the time to a station may take longer than employ- 
ing the formula method, it does not consume as much time and fuel since you continue generally toward the station. 
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STATION -N . 
P ASSAGE You can use the SAREA method to l 


As you get close to a station, in an area called D : 7 oe. F pa] 
the cone of confusion, the CDI and moot itor (OTTO 
TO/FROM indicators fluctuate. Station pas- 

sage is indicated by the first positive, com- 


plete reversal of the TO/FROM indicator. If e sage ist 

you can determine you are getting close to a ome cr oro dicato 
station where you plan a significant course a 
change, you may wish to begin your turn | et 7 


early to avoid excessive course corrections 

after station passage. Since FARs require you operate along the centerline of an airway, this 
can be particularly important in higher performance aircraft. Depending on factors such as the 
amount of course change required, wind direction and velocity, and the pilot’s technique, 
aircraft operating in excess of 290 KTAS can exceed the normal airway or route boundaries if a 
turn is initiated after passing a fix. 


Ready, Set, Go! 


You may be familiar with the story of the tortoise and the hare. This is the same type of tale, with a twist. A loggerhead 
turtle is thrown into the Atlantic Ocean. A pilot in Minneapolis is given a basic GPS receiver and a business jet that can 
scream through the sky at almost the speed of sound. Now, without a map, which one will get to the warm, sandy beaches of 
Florida first? There’s no way the turtle can compete, right? 


The answer to the question lies in the nature of the information each of the participants has available. Both contestants know their 
positions — the pilot gets a precise latitude/longitude readout; the sea turtle. . .well. . . it just knows. From the initial location, the 
best the pilot can do is merely point the airplane in a general direction and hope for the best. On the other hand, the turtle can eas- 
ily navigate the warm waters of the Gulf Stream to the precise beach where it was born. 


How does the sea turtle find its way? Two researchers, Ken and 
Catherine Lohmann, think they may have solved this mystery. Sev- 
eral years ago, the Lohmanns suggested that turtles could return to 
nesting beaches as much as 30 years after they left due to their 
innate ability to sense the earth’s magnetic field. To validate their 
theories, the Lohmanns put several sea turtles in a large tank which 
was wrapped with coils of wire to control the magnetic field. When 
first put in the tank, the reptiles headed northeast but when the 
apparent magnetic field was reversed, the turtles turned around 
and headed the other direction. This discovery helped explain how 
the turtles could determine a general direction, but not how they 
could navigate to a specific location. Further tests were needed. 


Working on the assumption that the loggerheads must be guided by 
some sort of internal mapping mechanism, the Lohmanns experi- 
mented with changing the angles of magnetic force. When the lines 
of magnetic force were changed to match those at Florida beaches, 
the turtles would swim east. If the turtles sensed (through a small crystal of magnetic material, called magnetitie, in their brains) 
that the magnetic force was altered to match a more northerly location, the loggerheads would turn south. 


The Lohmanns experiments seem to verify not only that some sea turtles can sense changes in the earth’s magnetic field, but that 
they also maintain a mental map of the ocean to help them find their way home. With this ability, the loggerhead turtle can do 
something the pilot in this story can’t — confidently and accurately navigate to a destination. Simply knowing your position, no 
matter how accurately, sometimes just is not enough. Even a pilot in today’s high-tech world needs precise mapping guidance to 
complement the information provided by modern positioning equipment. 
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The automatic direction finder (ADF) is useful for supplemental navigation on, oe 
and as a backup when other aircraft or ground equipment is unavailable. Your he 
be tuned to any low/medium frequency (L/MF) nondirectional radio beacon : 

commercial broadcast stations of the amplitude modulation (AM) class. Althoug oe 
mercial broadcast stations are not approved for IFR operations, you may use them or 
VER navigation. An NDB that is collocated with a marker beacon on a precision oe 
ment approach is called a compass locator. These facilities alert you as you reach spe- 


cific points on some instrument approaches. 


Interpreting ADF indications can be more challenging than VOR indications because you 
must analyze both heading and bearing information to determine your position. As you 
know, a fixed-card indicator has zero at the top and directly indicates the angle between 
the nose of the aircraft and the station, or relative bearing. To determine your magnetic 
bearing (MB) to the station, you add magnetic heading (MH) and relative bearing (RB). 
[Figure 2-64] 


Figure 2-64. If you want to fly directly to the station, you should calculate your magnetic bearing 
to the station using the formula, MH + RB = MB. If the sum is greater than 360°, you will need to 
subtract 360° to determine the magnetic bearing to the station. 


On a movable-card ADF, you can rotate the scale so your heading appears at the top. 
This allows you to directly read your magnetic heading to the station under the arrow- 
head and the bearing from the station under 

the tail of the arrow. However, where you are 

frequently changing heading, it may not be 

practical to keep the ADF card adjusted to Rd 
your heading. One useful technique is to 

mentally superimpose the ADF needle over 
the heading indicator. [Figure 2-65] 


from the station. 


Regardless of the type of ADF pointer, the 
relative bearing is the angle between the 
needle and the aircraft nose reference. 
Magnetic heading (MH) plus relative bearing (RB) 
equals magnetic bearing to the station (MB). On a prop- 
erly set movable-card ADF, the arrowhead indicates MB 
to the station and the tail of the arrow indicates MB 
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RADIO MAGNETIC 
INDICATOR 


A special instrument, called a radio mag- 
netic indicator (RMI), makes it easy to 
determine your position in relation to an 
NDB by combining a slaved compass card 
and bearing pointer in the same instru- 
ment. An RMI is like a movable-card ADF 
on which the card automatically rotates to 
reflect the aircraft’s magnetic heading. 


Figure 2-65. You can quickly visualize the magnetic bear- 
ing to a station by mentally superimposing the ADF nee- 


dle over your heading indicator. 
ed compass card, which receives heading 

| information from a magnetic flux valve 
mounted at a remote position on the aircraft. On older 
units, it was occasionally necessary to align the slaved — 
compass card(s) by selecting free gyro mode and 
pressing buttons to rotate the card clockwise (for a left 
heading correction) or counterclockwise (to correct to a 
higher number heading). This is totally automatic on — 
newer systems. 


An RMI, like an HSI, contains a slaved 


appears at the top of the scale, the instru- 
ment always displays the bearing to a sta- 
tion at the head of the arrow, and the 
bearing from a station at the tail of the 
arrow. [Figure 2-66] 


When this needle is set to VOR, 
the arrowhead points to a VOR. 


When this needle is set to ADF, the tail 
of the arrow indicates the bearing from 
an NDB. 


This switch selects whether the 
single needle points to a VOR or 
functions as an ADF bearing pointer. 


Figure 2-66. An RMI incorporates two bearing 
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= Magnetic Bearing (MB) to the Station 


Unlike a standard ADF display, most RMIs 
have two bearing pointer needles, either one 
of which can be set to point to an NDB or 
VOR station. Because the aircraft heading 


The he tail of an RMI needle * to a VOR sta- 
tion indicates the radial you are on FROM 
_ the station. The head of an RMI needle set 
to an ADF shows the bearing TO the : station and the tail 
of the needle indicates the bearing FROM tthe station. 


When this needle is set to ADF, the 
arrow head indicates the bearing to 
an NDB. 


When this needle is set to VOR, the tail 
of the arrow indicates the radial from a 
VOR. 


This switch selects whether the 
double-barred needle points to a 
VOR or functions as an ADF bearing 
pointer. 


pointer needles superimposed over a slaved 


compass card which indicate heading. One or both of the needles can be set to point to a VOR 


or an NDB. 
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INTERCEPTING A BEARING l ae 
Intercepting a bearing is easiest if you choose an angle, such as 45°, that is pa o Pa i 
on the compass card. To establish a 45° intercept, turn so that the bearing to i ' a 
cepted appears over the heading indicator reference mark 45° to the left or right o he 
aircraft nose. Precisely maintain this heading and look for the ADF needle to also point 
45° to the left or right of the aircraft’s nose. [Figure 2-67] 


n on 
= 


To establish a 45° intercept, 
rn so that the bearing to 
b epted is over the 
45° index mark © ir 
heading indicator. 


- 

= 
- 
~ 
~ 


SUNN A ll 


Figure 2-67. When flying this 45° intercept, the aircraft intercepts the 100° bearing to the station 
when the ADF needle indicates a 45° relative bearing. 


You can easily see when you have intercepted your bearing if using a 45° intercept or 
other easy-to-see value such as 30°. If using a 30° intercept, you will have intercepted 
your bearing to the station when the needle points 30° to the left or right of the aircraft’s 
nose. Sometimes it can be challenging to determine your position when the needle does 
not exactly indicate the intercept angle. Just remember that the head of the needle is 
always moving toward the tail of the aircraft. If the needle is pointing in front of your 
intercept angle, you have not yet reached the bearing to be intercepted. If it points 
behind the intercept position, you have passed through your bearing. 


TRACKING 


For most instrument approaches, you must track a specific path to a station. The basic 
tracking procedure is to start with a heading you expect will keep you on course. In a no- 
wind, headwind, or unknown wind situation, this heading will be the same as your 
course. Precisely hold the heading and watch for the needle to drift to the left or right. 
The ADF needle’s indications when tracking inbound tell which way you need to turn to 
capture your course. Double the ADF relative bearing when turning toward your course. 


If your heading equals your course and the needle points 10° left, turn 20° left. When 
holding a heading 20° to the left of your desired course, watch for the ADF needle to 
move 20° right of the nose. You are on course when the relative bearing equals your 
course correction. Assuming a wind blew you right of course, you might try a heading 
10° left of course in order to track inbound. This will result in a relative bearing of 10° 
right as long as you maintain course. [Figure 2-68] 
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e minute after the air raft 
ts 20° left to a heading 


, it intercepts the 100° The pilot establishes a wind 


Dearing to the station. T correction of 10° left to stay 
ADE needle sails 0° right of on course and track to the 


the aircraft nose. tation. The peedie points 


Figure 2-68. When paralleling your course, the ADF needle indicates whether the course is to your left or right. When 
on course, the relative bearing to the nose or tail of the aircraft equals the course correction. 


If you attempt to correct for a crosswind by continually adjusting your magnetic heading 
to keep the ADF needled pointed at the airplane’s nose (0° relative bearing), you will 
home to station instead of tracking to it. This will cause you to fly a curved path over the 
ground. 

oo ae 
When on the desired track outbound with 
_ the proper drift correction established, the wi 


Unlike VOR navigation, ADF does not pro- 
vide accurate position information inde- 
pendent of heading. Unless you are using RADE pointer wil be del eU Lha AeA 
an RMI with a compass card that automat- ward side of the tail position. ba 

ically aligns itself with magnetic north, - leog i 

you could find yourself substantially off 
course if you do not check and set your 
heading indicator against your magnetic 
compass every 15 minutes. 


D Homing to a station in a crosswind results 
e inac curved path to ie station. 


TIME AND | o i 


DISTANCE TO A 
STATION 


You can calculate your time and distance to a station by turning perpendicular to the 
inbound course and measuring the time to make a 10° (or any angle) change in bearing. You 
calculate the time and distance to the station using the same formulas you learned in the 
VOR discussion earlier in this section. To determine the time to the station, you can also use 
the double-the-angle-on-the-bow method, which employs the same geometric principle as 
the isosceles triangle concept discussed earlier. If you hold a constant heading, the time to 
the station is simply equal to the amount of 
time it takes for the relative bearing to double. 


If you hold a constant heading, the time to For example, if you hold a constant heading 
the station is equal to the time it takes for and the ADF needle moves from a relative 
the relative bearing to double. bearing of 045° to 090° in 5 minutes, the time 


to the station is 5 minutes. 
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STATION PASSAGE 


As you approach the station, even small deviations from your desired track can result in 
large needle fluctuations. Therefore, it is important that you do not chase the needle, but 
use heading corrections no greater than about 5°. As the needle begins to rotate steadily 
toward a wingtip position, or shows erratic oscillations to the left or right, you should 
hold your last corrected heading constant. Station passage is considered to have 
occurred when the needle either points to a wingtip or settles at or near the 180° posi- 
tion. Depending on your altitude, it may take from a few seconds up to 3 minutes from 
the time that the needle begins to oscillate until you obtain a positive indication of sta- 


tion passage. 


DISTANCE MEASURING 
EQUIPMENT 


The easy way to measure your distance to or from a VOR is with distance measuring 
equipment (DME). If your aircraft is equipped with a DME receiver, you can obtain dis- 
tance information from several types of ground-based navaids including VOR/DME, 
VORTAC (which obtains distance information from the associated TACAN facility), 
instrument landing system (ILS)/DME, and localizer (LOC)/DME stations. These facili- 
ties provide course and distance information from collocated components under a fre- 
quency pairing plan. You tune a DME the same way as a VOR receiver. This is because 
DME receivers usually display the frequency of the paired VOR rather than the actual 
DME UHF frequency (962 MHz to 1,213 MHz). Some DME units can be remoted to a VOR 
receiver so they automatically tune in the DME or TACAN station that is paired with the 
selected VOR ground facility. 


DME receivers work by transmitting paired pulses to a ground station. After measuring 
the time for the station’s reply to return to the receiver, the receiver calculates the dis- 
tance, and displays the result in nautical miles. Many DME receivers also provide a 
groundspeed readout which indicates the rate of change of the aircraft’s distance from 
the station. DME groundspeed agrees with actual groundspeed only when you are 
headed directly toward or away from the station. [Figure 2-69] 


You tune the frequency with these knobs. 


You can select REMOTE with this switch to follow 
what is tuned on the VOR. 

lf there are two VOR receivers, a switch 
selects which receiver the DME follows. 


Figure 2-69. A typical DME’s display includes distance, groundspeed, and time to station. 
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Since the DME signal travels in a straight line to and from the ground station, the DME 
receiver displays slant-range, not horizontal, distance. [Figure 2-70] Except for this error, 
DME is accurate to within 1/2 mile or 3%, whichever is greater, and can be received at 
line-of-sight distances up to 199 nautical miles. 


_ DME indicates slant-range distance with 
greatest error at high altitudes close to a 

` VORTAC. The indication should be 1 n.m. 
when you are directly over a VORTAC site at approxi- 
mately 6,000 feet AGL. Generally, you can consider DME _ 
accurate when you are at least one horizontal mile from 
the station for each 1,000 feet above the site elevation. i 


Figure 2-70. If you are flying at an altitude of 1 nautical 
mile at a horizontal distance of 1 nautical mile from the 
station, your DME will indicate a distance of 1.4 nautical 
mile. Slant range error is negligible if the aircraft is 1 mile 
or more from the ground facility for every 1,000 feet of 
altitude above the station. 


DME ARCS 


Many instrument approach procedures incorporate DME arcs for transition from the 
enroute phase of flight to the approach course. This is useful, for example, if your airway 
approaches an airport from the east, the VOR is on the airport, and you need to fly an 
approach from the north. A DME arc can position you for the approach without having 
to fly to the VOR, then fly outbound and reverse course. 


It is easiest to fly a DME arc using an RMI. Generally, you intercept the arc while flying 
to or from a VOR/DME or VORTAC. To join the arc, you should turn approximately 90° 
from your inbound or outbound course, making sure you begin your turn early enough 
so you do not overshoot the arc. For groundspeeds of 150 knots or less, a lead of about 
1/2 mile is usually sufficient. 


In calm wind conditions, you could theoretically follow the arc by continuously adjust- 
ing your heading so that the RMI needle points at the wingtip. In practice, it is easiest to 
fly slightly inside the arc in a series of straight flight segments, forming a polygon, with 
course corrections every 10° to 20°. You begin each segment by turning slightly toward 
the VOR, putting the RMI pointer 5° to 10° ahead of the wingtip. 
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Then, you maintain heading until the bearing pointer moves > 10° a 
i i fly another segment. [Figure 2- sy - 

at which point you repeat the process to ly an 

plete the “i plan on leading the turn to your inbound or outbound course. The amount 

of lead you use should be fairly close to what you used to turn onto the arc. 


Visualize the wind direction on the compass card of your 
heading indicator or RMI, and correct accordingly. If correcting 
away from the VOR, the bearing pointer moves behind the 
wingtip. If correcting toward the VOR, the pointer moves ahead 
of the wingtip. 


Turn to a heading that puts the bearing 
pointer 5° to 10° ahead of the wingtip, and 
hold that heading until the bearing pointer 
moves 5° to 10° behind the wingtip. 


“| Lead your turn onto the arc about 1/2 
nautical mile prior to reaching the arc. 
Continue turning to the heading shown 
at the wingtip reference. 


Figure 2-71. In practice, a DME arc is flown using a series of straight segments approximating the arc. 


CORRECTING FOR A CROSSWIND 


At times, you may find that a crosswind causes you to drift either away from or toward the 
station. If you are drifting away from the facility, turn to place the bearing pointer ahead of 
the wingtip; if you are drifting toward the sta- 

change the relative bearing 10° to 20° for each R] 

1/2 mile you are away from your desired arc | 

is pointing to the wingtip, turn 10° to 20° away bo E an at = 

from the facility to return to the arc. ý + aS 


As you turn toward the V 
for a crosswind, the bearing pointer 


tion, turn to place the bearing pointer behind 
the wingtip. As a general rule, you should 

i head of the wingtip refe: 
when abeam the station. For example, if you l : 5 E retinal 
are 1/2 mile inside the arc and the RMI needle pide oe pas 
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If you are using a conventional VOR indicator, the recommended procedure is to set the 
OBS to a radial 20° ahead of your present position. You should then turn and maintain a 
heading 100° from the radial you have just crossed. When your CDI centers or you reach 
the arc, you should repeat the process to fly another segment. As with the RMI, this tech- 
nique will maintain a track slightly inside your desired arc in no-wind conditions. If 
there is a crosswind, you should compensate by adjusting your heading toward or away 
from the station as appropriate. 


OPERATIONAL 
CONSIDERATIONS 


When using VOR, DME, or ADF equipment for navigation, you need to know the 
strengths and limitations of each of these systems. When flying under IFR, it is particu- 
larly important that you positively identify ground stations, and that you verify proper 
operation of your navigation equipment and corresponding ground facilities. 


GROUND FACILITIES 

A VOR utilizes VHF frequencies like those used by FM radio and broadcast television. 
Although these signals are limited to line of sight, you can plan on receiving a reliable 
signal at altitudes published on instrument charts. 


VOR facilities operate within the 108.0 to 117.95 MHz frequency band and are classified 
according to their usable range and altitude, or standard service volume (SSV). [Figure 
2-72] Terminal VORs (TVOR) are short-range facilities which are normally placed in ter- 
minal areas to be used primarily for instrument approaches. High altitude VORs 
(HVORs) and low altitude VORs (LVORs) are used for navigation on most airways, and 


Figure 2-72. High altitude VORs typically have power outputs of 200 watts and transmit usable 
signals up to 130 nautical miles. Since a distant station on the same frequency can interfere 
with the local signal, HVORs on the same frequency are adequately separated to avoid interfer- 
ence up to 45,000 feet, where usable range drops from 130 to 100 nautical miles. Terminal 
VORs have only 50 watts of power and a usable range of 25 nautical miles. 


Standard High 
Altitude Service Volume. 


Standard 
R a Altitude Se 


18,000 ft 
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can also function as approach facilities when located on or near airports. You can find 
the SSV which applies to a particular VOR in the Airport/Facility Directory. 


Your ADF uses nondirectional beacons 


hich transmit in the low/medium fre- At altitudes between 14,500 and 18,000 
whic 
quency (L/MF) range between 190 and 535 Rd feet MSL, an (H) Class VORTAC has a 


kHz. The stations normally transmit a simple j usable signal range of seis nautical miles. 
400 | or 1,020 Hz tone modulated with a Therefore, for direct routes off established airways at 


Morse code identifier. [Figure 2-73] Radio these altitudes, the facilities should be no farther apart 
beacons are subject to disturbances that may than 200 nautical miles. You can si to the 

result in erroneous bearing information. Airport/Facility Directory to determine what type of VOR 
Such disturbances result from such factors as facility is shown on a chart and whether the standard 
lightning, precipitation static, etc. At night, service volume applies for that facility. 

radio beacons are vulnerable to interference 

from distant stations. Nearly all disturbances =a 

which affect the ADF bearing also affect the facility’s identification. 


© FACILITY |. POWEROUTPUT | | _ USABLE RANGE 


Figure 2-73. Although NDBs do not suf- 
fer the line-of-sight limitations of VHF and 
UHF facilities, interference and L/MF 
wave propagation characteristics can 
limit their reception range. 


Compass Locator 25 Watts 15 Nautical Miles 


Less Than 50 Watts 25 Nautical Miles 
50 to 1,999 Watts 


2,000 Watts or More 


MH Radio Beacon 


| Up to 50 Nautical Miles — 


H Radio Beacon 


HH Radio Beacon 75 Nautical Miles 


VOR CHECKS 


You could theoretically plan an IFR flight with no navigation equipment at all if your 
intended route would allow radar vectoring from takeoff through letdown. In practice, 
you need a VOR receiver, and to use the 
VOR for flight under IFR, it must have been 


tested for accuracy within the preceding 30 For IFR flight, you are required to have work- 
days. If it has been more than 30 days, you Rd 


ing navigation equipment appropriate to the 

ground facilities to be used. It is your respon- 
sibility as pilot in command to make sure that the VOR 
check has been accomplished within the past 30 days. 


must perform this check before you can take 
off under IFR using VOR navigation. 


VOR TEST FACILITIES 
VOR test facilities (VOTs) enable you to 
make precise VOR accuracy checks from 
most locations on an airport. This is possible because VOTs broadcast a signal for only 
one radial — 360°. The airborne use of certain VOTs is also permitted; however, their use 
is strictly limited to those areas and altitudes specifically authorized in the 
Airport/Facility Directory. Tune your VOR receiver and listen for a series of dots or a con- 
tinuous tone that identifies the facility as a VOT. Determine that the needle centers, +4° 
(ground or airborne), when the course selec- 

tor is set to 180° with a TO indication, or 360° 


with a FROM indication. If using an RMI, the 


ae aia You can find a VOT frequency for a particu- 
earing pointer should indicate 180°, +4°, lar airport in the Airport/Facility Directory or 


on the A/G Voice Communication Panel of 
the NOS Enroute Low Altitude Chart. When checking 
your VOR using a VOT, the CDI should be centered and 


the OBS should indicate that the aircraft is on the 360° 
radial, +4°. 


VOR CHECKPOINTS 

You also can determine VOR accuracy using 
ground or airborne VOR checkpoints. On the 
ground, you can taxi your aircraft to a spe- 


cific point on the airport designated in the 
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VOR Receiver Check section of the A/FD. After centering the CDI, compare your VOR 
course indication to the published radial for that checkpoint. The maximum permissible 
error is +4°. Airborne checkpoints, also listed in the A/FD, usually are located over 
easily identifiable terrain or prominent features on the ground. With an airborne check- 
point, the maximum permissible course error is + 6°. You also can perform an airborne 
check by selecting a VOR radial that defines the centerline of an airway. Then, using a 
sectional chart, locate a prominent terrain feature under the centerline of the airway, 
preferably 20 miles or more from the facil- 
ity. Maneuver your aircraft directly over 
the point, twist the OBS to center the CDI 
needle and note what course is set on the 
VOR indicator. The permissible differ- 
ence between the published radial and 
the indicated course is + 6°. 


DUAL SYSTEM 
CHECK 

You also can conduct a VOR check by comparing the indications of two VOR systems 
which are independent of each other (except for the antenna). If your aircraft is equipped 
with two VOR radios, set both to the same VOR facility and note the indicated readings 
on each. When you check one against the 
other, the difference should not exceed 4°. 


IDENTIFICATION 

It is extremely important to positively 
identify a VOR, DME, or NDB facility 
before using it for navigation. When you 
are busy, it can be easy to listen to the 
identifying tone without making sure you have the correct Morse code identifier. It is 
essential that you always check the identifier against your chart to make sure you are 
tuned to the correct facility. 


VOR AND DME 

Since VOR and DME are separate components, each transmits its own identification sig- 
nal on a time sharing basis. The VOR transmits a 1,020 Hz Morse code identifier and pos- 
sibly a voice identifier several times for each DME identifier, which is a 1,350 Hz tone at 
approximately 30 second intervals. If one of these tones is missing, you should not use 
the associated portion of the facility for navigation. 


VOR facilities undergoing maintenance may transmit the word, TEST (— « ++» —), or they 
may transmit no audio at all. The presence of an identifier signal verifies the proper 
operation of the facility. You should not use a ground station for navigation if it does not 
transmit an identifier, even if you appear to be receiving valid navigation indications. 
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NDB ME 
Just as you do with a VOR, you should positively identify an NDB before you use it for 


navigation by listening to the Morse code identifier. In contrast to VOR navigation, how- 
ever, you should continuously monitor the NDB’s identification since ADF receivers do 
not have a flag to warn you when erroneous bearing information is being displayed. 


AREA NAVIGATION 


Area navigation (RNAV) allows you to fly direct to your destination without the need to 
overfly VORs or other ground facilities. Some of the available direct navigation systems 
include long range navigation, inertial navigation, and VOR-based systems. The newest 
system, GPS, will be discussed separately. Area navigation courses are defined by way- 
points, which are predetermined geographical positions used for route/instrument 
approach definition, or progress reporting purposes. They can be defined relative to 
VOR/DME or VORTAC stations or in terms of latitude/longitude coordinates. 
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VORTAC-BASED AREA NAVIGATION 

RNAV based on VORTAC and VOR/DME facilities has been in use for some time. It is 
accomplished with a course-line computer that creates phantom VORs at con a 
locations for your route. You navigate to and from these phantom VORs the same way as 
actual pore create a phantom VOR in a course-line computer (CLC) you tune in a 
real VORTAC or VOR/DME, then specify a radial and distance for the location of the 
phantom VOR. The CLC requires DME to calculate the location of the phantom VOR 
Since RNAV does not extend a VOR’s standard service volume, if you are flyin hela 
14,500 feet using low or high altitude VORs, you must still remain within 40 5 tical 
miles of the physical facilities to receive a reliable navigation signal 


The electronic flight information systems (EFIS) found in modern advanced aircraft cockpits offer pilots a tremendous 
amount of information on a colorful, easy-to-read display. Although these systems are generally very reliable, they 
are driven by computers that can have quirks. 


The NTSB was concerned when it learned the primary 
flight displays on an Airbus A300 blinked off for 2-3 sec- 
onds during a critical moment in flight. The flight crew had 
reported severe turbulence and wind shear, and the EFIS 
symbol generator unit (SGU) software triggered a reset 
when the aircraft was suddenly tossed into a steep bank 
attitude. Apparently, the software assumed the aircraft 
would never experience a roll angle in excess of 40° per 
second, and the reset was designed to fix what the com- 
puter thought was inaccurate data. As it turns out, the pilots 
were without their primary flight displays at the moment 
they needed them to recover from an unusual flight attitude. 
Fortunately, the pilots were able to use their standby atti- 


It is easy for a pilot to become complacent because overall, 
electronic navigation systems are extremely reliable. How- 
ever, it is essential that pilots monitor their instruments 
carefully and know their options if the instruments malfunc- 
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INERTIAL NAVIGATION SYSTEM 

An inertial navigation system (INS) is a self-contained system which uses gyros, 
accelerometers, and a navigation computer to calculate position. By programming a 
series of waypoints, the system will navigate along a predetermined track. INS is 
extremely accurate when set to a known position upon departure. However, without 
recalibration, INS accuracy degrades 1 to 2 nautical miles per hour. To maintain preci- 
sion, many INS systems automatically update their position by incorporating inputs 
from VOR, DME, and/or other navigation systems. INS systems can be approved as a sole 
means of navigation or used in combination with other systems. 


LONG RANGE NAVIGATION 

Long range navigation (LORAN), uses a network of land-based radio transmitters devel- 
oped to provide all-weather navigation for marine users along the U.S. coasts and in the 
Great Lakes. To serve the needs of aviation, LORAN coastal facilities were augmented in 
1991 to provide signal coverage over the entire continental U.S. When used for IFR nav- 
igation, the current system, LORAN-C, is accurate within 0.25 nautical mile. The Aero- 
nautical Information Manual provides an extensive description of the operation of 
LORAN, and its use in the IFR environment. While LORAN is a reliable and fairly accu- 
rate navigation system, the advent of GPS has prompted the FAA to begin canceling all 
LORAN approaches. 


GLOBAL POSITIONING SYSTEM 


The area navigation system you are most likely to use is the global positioning system 
(GPS). GPS is a satellite-based radio navigational, positioning, and time transfer system 
operated by the U.S. Department of Defense (DOD). It offers an extremely precise posi- 
tioning service (PPS) to authorized U.S. and allied military, federal government, and 
civil users who can satisfy specific U.S. requirements. For the rest of us, GPS provides 
standard positioning service (SPS) with a 95% probability of horizontal accuracy within 
100 meters (328 feet), and 99.99% probability of accuracy within 300 meters (984 feet). 
On GPS’s worst day, it is more accurate than any other area navigation system and many 
approach systems. 


Although 100 meters is excellent horizontal accuracy, it is inadequate for vertical navi- 
gation. You could not safely fly an approach with this amount of error. And due to the 
geometry of the satellite constellation, the GPS vertical error is even larger than the hor- 
izontal error. With a 95% probability of vertical accuracy of approximately 150 meters 
(492 feet), GPS cannot replace your barometric altimeter as a source of vertical position 
information. 


RECEIVER AUTONOMOUS INTEGRITY 
MONITORING 


When flying IFR, you need the same assurance of a reliable GPS signal as you require 
from a VOR. One requirement for IFR approval is that a GPS receiver continuously veri- 
fies the integrity (usability) of the signals received from the GPS constellation through 
receiver autonomous integrity monitoring (RAIM). You cannot conduct a GPS approach 
unless your receiver meets stringent approach RAIM requirements, as indicated by an 
annunciator light in an approved IFR installation. Some receivers will not even go into 
approach mode unless RAIM is passed. 


RAIM messages vary between receivers; generally there are two types. The first indicates 
that there are not enough satellites available to provide RAIM integrity monitoring and 
the other indicates that the RAIM integrity monitor has detected a potential error that 
exceeds the limit for the current phase of flight. To simply warn you that the system is 
unreliable requires one additional satellite to compare to the basic four that are required 
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Do You Have the Correct Time? 

The GPS constellation consists of 24 satellites orbiting about 20,000 kilometers above the earth. Each ahia trans- 
mits a course/acquisition (CA) code, which contains information on the satellite’s position, the GPS system time (from 
on-board atomic clocks), and the health and accuracy of the transmitted data. The GPS receiver oo a a i to De 
satellite by comparing the reported time the signal left the satellite with the time it arrived at the receiver, based on the receiver's 
system clock. Since an error of one millionth of a second equates to a distance of 300 meters, Me system ae have a way of wa 
onciling any differences between the atomic clocks on the satellite and the less accurate clocks in GPS aiiin io see how this 
is done, assume that when your GPS receiver thinks it’s 10 a.m., the real time is 09:59.59. Using only 2 satellites, this inaccuracy 


would result in a false position estimate as shown in figure A. 


The calculated position 
shown in figure A would 
seem perfectly OK to us 
since we would have no 
way of knowing that our 
GPS receiver's clock 
was slightly out-of-sync. 
In reality, we could be 
miles away from where 
= we thought we were. To 


Geos es = 7 seconds = alia 
(wrong time) SW ~N (wrong time) solve this dilemma, the 
P 4 7 GPS receiver seeks out 


—- another opinion in the 
| form of a 3rd satellite. 
Wrong Since the 3 arcs do not 
Position Caused intersect at a common 
By Wrong Time me 
.Measurementsice: point, it may seem that 
adding another satellite 


makes matters worse. [Figure B] In fact, it provides the extra data the GPS receiver needs. You see, not only are GPS receivers 
programmed to sense that something's not right, but they also know how to correct for the problem. 


OUST 


VieAst 


In simple terms, the 
computer in the receiver 
keeps subtracting time 
from all the measure- 
ments until it finds a 
point at which the 3 cir- 
cles could intersect. This 
cancels out any consis- 
tent clock error present 
in the GPS receiver and 
defines the correct 2- 
dimensional position. For 
your receiver to calcu- 
late an accurate 3- 
dimensional position,a 7 a 

4th satellite is addedto f — ee 
the equation. In addition x 


2 S57 n O PERE ESR 


(wrong time) 
to improving GPS accu- — 
racy, this method also a |S 
makes GPS affordable. 
Eee i OIN a little trigonometry, the average GPS receiver can use a moderately accurate timepiece instead of a $100,000 
omic clock. l 
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for three-dimensional navigation. Some receivers have the additional ability to isolate 
the corrupt satellite and continue reliable operation with the remaining satellites. This 
requires an additional satellite beyond what is required to identify a RAIM error, a total 
of six. Since the GPS constellation ensures only 5 satellites in view, you can count on 
this enhanced level of RAIM protection only if the GPS receiver has access to indepen- 
dent altitude information. 


Baro-aiding is a method of augmenting the GPS integrity solution by using information 
from your Mode C altimeter. Many IFR-approved GPS installations require you to enter 
an altimeter setting when you turn them on. This altitude input replaces one of the satel- 
lites required for RAIM confirmation. 


REGULATORY REQUIREMENTS FOR IFR GPS 
NAVIGATION 

If an IFR-certified GPS receiver is installed with the appropriate technical standard order 
(TSO) C-129 authorization, it can be used for certain IFR operations. An approved sys- 
tem can replace the INS or other long-range navigation system required for short oceanic 
routes, and can replace one of the required dual INS systems required for longer 
transoceanic routes. 


Aircraft using GPS navigation equipment under IFR must be equipped with an alternate 
means of navigation appropriate to the flight. You do not have to actively monitor the 
alternative navigation equipment if the GPS receiver uses RAIM for integrity monitoring. 
However, if RAIM capability of the GPS equipment is lost, active monitoring of an alter- 
nate means of navigation is required. Based on current satellite signals, most IFR-certi- 
fied GPS receivers can predict whether RAIM capability will exist at the destination at 
the ETA. In the event loss of RAIM capability is predicted to occur, you must use other 
navigation equipment, or delay or cancel the flight. 


DIFFERENCES IN RECEIVERS 
One of the main challenges in using GPS for IFR is dealing with the lack of standardization 
between different makes and models of GPS receivers. Although this section discusses 
basic principles of GPS use, you must become thoroughly familiar with the particular GPS 
equipment installed in the aircraft you are using. Spend some 
time with the receiver operation manual, and the FAA- 
approved aircraft flight manual (AFM) supplement that cov- 
ers this equipment installation. You should use the receiver's 
simulation mode to become familiar with its operation prior 
to flying with it. It is also a good idea to use the equipment in 
flight under VFR conditions prior to attempting IFR opera- 
tion. [Figure 2-74] 


Figure 2-74. A number of IFR-certified GPS receivers offer 
amazing capabilities. The challenge to pilots is dealing with the 
lack of standardization in the operation of these units. 


Basic GPS NAVIGATION 

While the GPS receiver internally determines latitude, longitude, altitude, and ground- 
speed, it is difficult to navigate with only this information. That is why aviation GPS 
units contain databases and the ability to calculate course and distance from your pre- 
sent position to any point in the database. Although the navigation presentations vary 
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between different GPS manufacturers and models, you will find information about 
ground track, course, course deviation, groundspeed and time to fix on almost all units. 
Many models enhance your situational awareness by also offering simple moving map 
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presentations. [Figure 2-75] 


CLEAR KEY 
This key typically 
blanks out a data 
entry field, or 
backs out of an 
operation. 


CURSOR KEY 
With certain data pages 
displayed, you press the cursor 
key to get a cursor that can be 
moved over various data fields 
on the page using the large 
data entry knob. You can 
change the data or option under 
the cursor using the small data 
entry knob. The cursor key is 
also called a SELECT (SEL) 
key on some units. Others use 
the ENTER (ENT) key to 
perform this function. 


MESSAGE 

The GPS will indicate if 
it has a message for 
you. These messages 
may request you to set 
a certain course on 
your HSI, enter an 
altimeter setting, or 
warn you of loss of 
RAIM. Press this 
button to read the 
message and normally 
press it again to 
dismiss the message. 


ROUTE SEGMENT 

Shows waypoints you 
are traveling between @ 
(Denver-Centennial 
[Airport and Red 
Table VORTAC in 
this example). The 
distance for this leg is 
96 n.m., and the 
desired track (DTK) 


WHERE YOU ARE NOW 
The magnetic bearing 
from the present position 
to DBL VORTAC is 265°. 
When you are on course, 
BRG agrees with DTK. 
The distance to DBL is 
31.1 n.m. Unlike DME, §]' , 
GPS displays horizontal, iS 262°. The DTK is 
not slant-range, distance equivalent to a 


to the next waypoint. course set on a 
VOR's OBS. 


ENTER KEY 
When you have 
selected the data 
you want using 
the data entry 
knobs, press this 
| key to complete 
the operation. 


DATA ENTRY KNOBS 
You can select 
waypoints from the 
database, as well as 
control other options, 
using these knobs. By 
convention, the large 
outer knob moves 
between pages or 
fields of data, and the 
small knob changes 
the data highlighted by 
the cursor. 


WHERE YOU ARE GOING 
Your current magnetic track over the ground is 
292°. This is a 30° intercept for the 262° 
course, or DTK to DBL. Groundspeed is 154 
knots. Unlike DME, GPS groundspeed reflects 
actual groundspeed regardless of direction. 


YOUR COURSE 

Most GPS receivers have a course 
deviation indicator similar to a VOR. In 
an IFR approach-certified installation, \ 
this indication is usually remoted to a ae aa 
VOR or HS! indicator in your panel. NPT NAV NAST SELECT © CHANGE 
Since that makes the GPS CDi > 
indication redundant, you may choose 
another setting which describes your 
deviation from course in another way, 
as shown below the CDI here. 


NEAREST 
Almost all GPS 
receivers can 
quickly locate 
the nearest 
airports in the 
event of an 
emergency, 
and help you 
navigate there. 


DIRECT TO 
After pressing this button, the 
receiver asks you to enter a 
destination waypoint. It then 
provides navigation indications 
to that waypoint. This is the 
easiest way to enter a simple 
route on almost every GPS. 


WAYPOINT 
Use this function to access 
information about waypoints in the 
database, such as frequencies for 
airport towers or VORs. On many 
units, the airport screens are 
where you access departures, 
arrivals, and approaches. 


TIME AND FUEL TO NEXT WAYPOINT 
Given groundspeed and distance, the 
GPS computes the time to the waypoint, 
the time of arrival, and, if you provide fuel- 
flow information, expected fuel use. 


NAVIGATION 
Once you have 
programmed a 
route or selected 
DIRECT TO, this 
function brings up 
information that 
helps you navigate 
the route. 


FLIGHT PLAN 
This function is labeled ROUTE 
(RTE) on some receivers. For IFR, 
you need more detailed routing than 
simply DIRECT TO your destination. 
This function allows you to enter a list 
of waypoints that makes up a route. 


MOVING MAP SCREEN 
Many GPS Receivers offer a moving map that shows 
the route visually with some essential navigation 
information. Some allow you to switch between north 
up, track up, and desired track (DTK) up (shown). 


Figure 2-75. Almost all GPS receivers present the 

same basic navigation information, although normally 
it does not all fit on the data screen at the same time. 
You can cycle through various screens and customize 
individual Screens to display the data you prefer. This sample receiver has a laro 
o ae Screens of a typical GPS receiver. This sample receiver 


screen that shows data that might appear 


erent makes and models. AS buttons and knobs you might find on 
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Generally, you access the various types of GPS navigation information by pressing a NAV 
button on the front of the unit. On some units, you select the main navigation pages 
using the large knob and use the small knob to obtain detailed navigation information. 
You also may use the knobs in conjunction with the cursor key to customize the infor- 
mation shown on individual screens. For example, if your GPS is connected to a VOR 
indicator, you might choose to display different information in place of the course devi- 
ation indicator on the GPS data screen. 


PROGRAMMING AND FLYING ROUTES 

Using a GPS receiver for navigation can be as simple as pressing the DIRECT TO but- 
ton, dialing in your destination, following the GPS course-deviation indications and 
monitoring the distance and time to the destination. The problem with this method on 
long flights is that pilots may not know their position relative to nearby cities, air- 
ports, and terrain. 


IFR-approved GPS receivers can be programmed with routes containing dozens of way- 
points. [Figure 2-76] A simple direct route is just not sufficient for IFR navigation. You 
can enter a route based on existing VORs, or you can choose more direct routes based on 
your Own waypoints. On 
direct routes below FL390, 
you should define your route 
with one route description 
waypoint for each ARTCC you 
will pass through. These way- 
points must be located within 
200 nautical miles of the pre- 
ceding center’s boundary. 


Figure 2-76. If entering a simple route direct to your destination from your present position, you may not 
be able to maintain adequate situational awareness. When entering and following a route based on con- 
ventional navaids, you have more information about nearby cities, airports and terrain. 


Normally, the most complex parts of your route are the departure, arrival, and approach. 
IFR flights are rarely a straight line to your destination; you must fly a specific flight path 
that properly sequences traffic and avoids obstacles. An approach-certified GPS contains 
waypoints and routes that define departure, arrival, and nonprecision approach proce- 
dures. You will learn more about GPS approaches in Chapter 8, Section C — GPS and 
RNAV Approaches. 


GPS COURSE DEVIATION INDICATIONS 

In an installation approved for IFR approaches, the GPS unit is usually connected to one 
of your conventional VOR indicators. Normally, a switch selects whether the indications 
are from the VOR or GPS. Unlike a VOR, which indicates your angle off course, RNAV 
systems like GPS tell your absolute deviation from course in nautical miles. To approxi- 
mate the behavior of a VOR, which gets more sensitive as you get closer to the station, 
the GPS scale changes as you move from enroute, to terminal, to the approach phase of 
flight. When you are at least 30 nautical miles away from your destination, the GPS sen- 
sitivity is 5 nautical miles when the CDI is fully deflected to one side (1 nautical mile per 
dot), just like a VOR at 30 nautical miles. When the receiver is armed for the approach, 
and you are within 30 nautical miles of the destination, the sensitivity increases to 1 
nautical mile, full scale. As you reach the final approach waypoint (FAWP), the sensi- 
tivity increases to 0.3 nautical mile full scale. 
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AUTOMATIC AND MANUAL COURSE 

SELECTION l 

One important difference between GPS and VOR navigation is that the GPS selects your 
courses for you, based on which waypoints you are flying between. There are situations 
where you need to manually select a course, as you do with the OBS on your VOR. ATC 
may clear you to a fix via a different course than what is published and contained in the 
GPS database. For this reason, IFR-certified GPS equipment allows manual selection of 
a course. When switching to this mode, you can typically select the course using the OBS 
on the VOR head you are using with the GPS. 


DME ARCS 

Most early GPS units were not capable of easily navigating DME arcs. However, many 
modern approach-certified GPS receivers provide superior navigation capability com- 
pared to conventional equipment without an RMI. The GPS may actually give you a CDI 
indication to fly the curved path, with recommended headings to stay on the arc as your 
route progresses. Since procedures may vary, you should check your GPS operating man- 
ual and/or the POH/AFM supplement for details. 


AUTO SEQUENCING 

When a departure, arrival, approach, or other route is programmed into your GPS, the 
receiver senses when you pass a waypoint and automatically cycles to the next way- 
point. Unlike VOR navigation, there is no need to constantly tune and identify new facil- 
ities and change the OBS settings. Auto sequencing can work against you if you are not 
careful. It is essential you disable this feature if conducting maneuvers in which you 
might fly over or abeam a waypoint more than once and in different directions. If auto 
sequencing is on at these times, the receiver may cycle to a waypoint before you are 
ready to proceed to it, and it may be difficult to reprogram the unit back to the previous 
waypoint when you are busy flying an approach. 


DIFFERENTIAL GPS 

Differential GPS (DGPS) promises accuracy within one meter! The principle is simple. 
You put a stationary GPS receiver at a precisely surveyed location. This reference 
receiver compares its GPS satellite-derived position with its known location and trans- 
mits a list of timing errors for all satellites it sees. This correction signal could be coded 
into signals from existing transmitters, such as VOR or radar signals sent to your 
transponder. When the DGPS receiver receives these corrections, it applies them to its 
position solution to get an incredibly accurate result. A DGPS correction signal is accu- 
rate for distances of hundreds of kilometers from the reference receiver. This means that 
you can add precision approach capability to airports anywhere in the world, with the 
installation of relatively few, inexpensive reference receivers. 


OTHER GPS PROMISES AND PRECAUTIONS 

GPS offers a high level of cockpit automation to the general aviation pilot. When coupled 
to an autopilot, the GPS has the capability of flying your airplane from shortly after take- 
off until just before touchdown. Once you are comfortable with the equipment’s 
advanced features, and you invest the additional preflight effort programming the sys- 
tem, it can handle most of your navigation burden throughout the flight. Nevertheless, 


you should be careful not to rely on high technology equipment without paying enough 
attention to the details of the flight. 
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SUMMARY CHECKLIST 


vV The horizontal situation indicator (HSI) display combines a conventional VOR 
navigation indicator with a heading indicator. 


V VOR station passage is indicated by the first positive, complete reversal of the 
TO/FROM indicator. 


v The angle between the nose of the aircraft and an NDB is the relative bearing. 


v Magnetic heading (MH) plus relative bearing (RB) equals magnetic bearing (MB) to 
the station. 


v A radio magnetic indicator (RMI) always displays the bearing to a station at the 
head of the arrow, and the bearing from a station at the tail of the arrow. 


v NDB station passage is considered to have occurred when the needle either points 
to a wingtip or settles at or near the 180° position. 


y DME is accurate to within 1/2 mile or 3% (whichever is greater), as long as you are 
at least 1 mile or more from the DME facility for every 1,000 feet of altitude above 
the station. 


V VOR facilities are classified according to their usable range and altitude, or stan- 
dard service volume (SSV). You can find the SSV which applies to a particular 
VOR in the Airport/Facility Directory. 


Y When checking your VOR using a VOT, the CDI should be centered and the OBS 
should indicate that the aircraft is on the 360° radial, +4°. When using a VOR 
checkpoint, the CDI must center within +4°. The allowable error using an airborne 
checkpoint is +6°. When you conduct a dual system check, the difference between 
VOR systems should not exceed 4°. 


V Area Navigation (RNAV) allows you to fly direct to your destination without the 
need to overfly VORs or other ground facilities. 


Y The global positioning system (GPS) provides standard positioning service (SPS) 
with a 95% probability of horizontal accuracy within 100 meters (328 feet), and 
99.99% probability of accuracy within 300 meters (984 feet), 


V Receiver autonomous integrity monitoring (RAIM) continuously verifies the 
integrity (usability) of the signals received from the GPS constellation. 


/ You do not have to actively monitor alternative navigation equipment if your GPS 


receiver uses RAIM for integrity monitoring. However, if RAIM capability of the 
GPS equipment is lost, you must monitor an alternate means of navigation. 
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KEY TERMS 


Horizontal Situation Indicator (HSI) Waypoints 

Cone of Confusion Phantom VORs 

Relative Bearing Inertial Navigation System (INS) 

Radio Magnetic Indicator (RMI) Long Range Navigation (LORAN) 

Distance Measuring Equipment Global Positioning System (GPS) 

(DME) | 
Receiver Autonomous Integrity 

DME Arcs Monitoring (RAIM) 

VOR Test Facilities (VOTs) Auto Sequencing 

VORE est Differential GPS (DGPS) 


Area Navigation (RNAV) 


QUESTIONS 


Refer to the following figure to answer questions 1-3. 


1. What displacement from course is indicated by this instrument when used in con- 
junction with a VOR? 


Ax 2-1/2° 
Bo 
Ge 10° 


2. What displacement from course is indicated by this instrument when connected to 
a GPS during enroute operations? 


A. 0.15 nautical mile 
B. 0.5 nautical mile 
C. 2.5 nautical miles 
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3. What displacement from course is indicated by this instrument when connected to 
a GPS and on final approach? 


A. 0.15 nautical mile 
B. 0.5 nautical mile 
C. 2.5 nautical miles 


4. Why is it impossible for a horizontal situation indicator to provide reverse sensing 
when tuned to a VOR? 


5. True/False. Station passage is indicated when the TO/FROM indicator first starts 
fluctuating. 


6. Ifit takes 1 minute to fly from the 090° radial to the 080° radial on a perpendicular 
course, how long will it take to arrive at the VORTAC when you intercept the 070° 
radial and fly direct to the station at the present speed (assuming no wind)? If your 
speed is 100 KTAS, what is the distance to the station? 


Use the following figure to answer question 7. 


7. You are tracking an airway inbound to Demi VORTAC and tune your only VOR 
receiver to Cookie VORTAC to identify BARKE Intersection. After the CDI centers 
at BARKE, you tune back to Demi VORTAC and the needle indicates a one dot 
deviation to the left. Assuming you have set your CDI for proper sensing, what is 
your position (in nautical miles) relative to the airway? 


8. Why is a 45° angle commonly used when intercepting a bearing with an ADF? 
9. Select the true statement regarding an RMI? 


A. You must constantly adjust the RMI compass card to match your magnetic 
heading. 
B. The number under the head of the bearing pointer is the magnetic bearing from 


the station. 
C. Relative bearing is the angle between the head of the bearing pointer and the 


aircraft heading index. 


10. When you are tracking outbound from an NDB with the proper drift correction 
established, which direction will the head of the ADF bearing pointer be deflected? 


A. To the windward side of the aircraft’s tail 


B. To the downwind side of the aircraft’s tail 
C. To the downwind side of the aircraft’s nose 
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41. What ADF or RMI indication would you expect when tracking on a bearing toward 
an NDB with a 10° left wind correction? 


A. 0° relative bearing 
B. 10° left of the aircraft’s nose 
C. 10° right of the aircraft’s nose 


12. True/False. Normally, when flying a DME arc, the bearing pointer reaches the 
wingtip position when the airplane is slightly outside the arc. 


13. What is the maximum distance at which you can expect a reliable signal from a 
high altitude VOR. At what altitudes does this maximum range occur? 


14. True/False. The maximum allowable error on a VOR check using a VOT is 4°. 


15. What is the maximum allowable difference when checking two VORs against each 
other? 


16. True/False. When tuning a VOR and hearing the correct 1,020 Hz Morse code iden- 
tifier signal, you are assured that both the VOR and DME are properly tuned and 
usable for navigation. 


17. Which RNAV system is completely self-contained, requiring no inputs from 
ground-based or space-based facilities? 


18. True/False. Without periodic position updates, INS accuracy degrades 1 to 2 nauti- 
cal miles per hour. 


19. What horizontal position accuracy can you expect from GPS 99.99% of the time? 
A. Within 100 meters 
B. Within 200 meters 
C. Within 300 meters 


20. True/False. If your airplane has an IFR-certified GPS (with RAIM capability), your 
airplane does not have to be equipped with an alternate means of navigation. 
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Much of the information in this section is a review of subject areas you have studied in 
previous training programs. If you need additional information, you may want to refer 
back to your initial training materials. 


THE AIRPORT 
ENVIRONMENT 


An important aspect of IFR flight operations is a sound knowledge of the airport envi- 
ronment, which includes runway markings, airport signs, runway lighting, approach 
lighting systems, and associated airport lighting. The types of markings, signs, and light- 
ing systems installed may vary from airport to airport, depending on size, traffic volume, 
and the types of operations and approaches authorized. 


RUNWAY MARKINGS 


Markings vary between TeSys used solely for VFR operations and those used for IFR 
operations. A visual rı r usually is marked only with the runway number and a cen- 
terline, but threshold markings may be included if the runway is used, or intended to be 
used, for international commercial operations, and aiming point markings may be 
included on runways 4,000 feet or longer used by jet aircraft. [Figure 3-1] 


Figure 3-1. The common types of runway markings for visual, nonprecision, and precision 
instrument runways are shown here. 
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Runways used for instrument operations 


As shown in figure 3-1, touchdown zone 
markings are located 500 feet from the 
beginning of the runway. Aiming point 
markings are 500 feet beyond the touch- 
information. This type of runway has the down zone markings. 


visual runway markings, plus the thresh 


is used with an instru 


have additional markings. A 
i 
ment approach that does not have an elec- i 


tronic glide slope for approach glide path 
old and aiming point markings. 


An Airport Project That Didn’t Stay Afloat 


In the 1920's, the economic range of a commercial airplane was approximately 500 to 600 miles. To fly farther than that non- 
stop, an airplane had to carry so much weight as fuel that it was difficult for companies to turn a profit. To make transatlantic 
air travel successful, Edward Armstrong, an engineer, had an idea to construct seadromes — floating airports strung across the ocean. 


Armstrong designed a structure which consisted of a deck, approximately 1,500 feet long and 300 feet wide, placed on 28 steel columns, 
each 170 feet long. The seadrome was designed to float with the airfield deck 70 feet above the water's surface. A buoyancy chamber 
would be built into each column 100 feet below the deck, and 60 feet below that would be a ballast chamber filled with iron ore. The sea- 
drome would be attached to a buoy connected by two 18,000-foot steel cables to a concrete mushroom anchor. This system reduced the 
great strain that would have been caused by connecting the anchor line directly to the structure, and ensured that the seadrome was free 
to swing about into the wind. Propellers would allow the seadrome to maneuver while anchored and to navigate in an emergency. 


Beneath the deck of the seadrome, Armstrong envisioned hangars, which would use a large elevator to transport airplanes to and from 
the flight deck. In addition, there were plans for repair shops, a radio station, and a hotel. The 50-room hotel would feature a gymnasium, 
swimming pool, miniature golf course, billiard room, movie theater, bowling alley, and several tennis courts. 


The seadrome project had enthusiastic approval from famous aviators such as Charles Lindbergh. However, it was discontinued by the 
U.S. government when concern arose about the difficulty of maintaining adequate protection of seadromes built over international waters. 
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Precision instrument runways are served by nonvisual precision approach aids, such as 
the instrument landing system (ILS). The ILS uses an electronic glide slope to provide 
glide path information during the approach. The associated runways are marked so you 
can receive important visual cues, especially during periods of extremely low visibility. 
Besides the threshold markings, touchdown zone markings are coded to provide dis- 
tance information in 500 foot increments. Aiming point markings are located approxi- 
mately 1,000 feet from the landing threshold. 


TAXIWAY MARKINGS 

The links between the airport parking areas and the runways are the taxiways. They are 
easily identified by a continuous yellow centerline stripe. At some airports, taxiway 
edge markings are used to define the edge of the taxiway and are normally used to sepa- 
rate the taxiway from pavement that is not intended for aircraft use. Runway holding 
position markings, or hold lines, are used to keep aircraft clear of runways and, at con- 
trolled airports, serve as the point that separates the responsibilities of ground control 
from those of the tower. Hold lines are usually placed between 125 and 250 feet from the 
runway centerline. In addition, hold lines may be located at taxiway intersections. At 
some airports, hold signs may be used instead of, or in conjunction with, the hold lines 
painted on the taxiways. 


At an uncontrolled airport, you should stop and check for traffic and cross the hold line 
only after ensuring that no one is on an approach to land. At a controlled airport, the 
controller may ask you to hold short of the runway for landing traffic. In this case, you 
should stop before the hold line and proceed only after you are cleared to do so by the 
controller, and you have checked for traffic. [Figure 3-2] 


At airports equipped with an instrument land- 
ing system, it is possible for aircraft near the 
—— m l runway to interfere with the ILS signal. If this 
Hold line markings at the intersection of is the case, the hold line may be placed farther 
taxiways and runways consist of four yellow from the runway to prevent any interference, 
lines (two dashed lines and two solid lines). oor you may find two hold lines for a runway. 
-The dashed lines are nearest the runway. The one closest to the runway is the normal 
hold line, while the one farthest away is the 
ILS hold line. At other locations, only an ILS 

hold line may be used. [Figure 3-3] 


Figure 3-2. When you exit the runway after land- 
ing, be sure to cross the hold line before stopping 
to ensure that you are clear of the runway. 


Figure 3-3. When ILS approaches are in 
progress, you may be asked by the controller to 
... hold short of the ILS critical area” 
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ADDITIONAL MARKINGS 


In addition to the markings previously discussed, you may encounter other markings on 
runways and taxiways which place restrictions on their use. The following paragraphs 
provide a brief review of some of these markings. [Figure 3-4] 


A displaced threshold is marked by a solid white line extending across the runway per- 
pendicular to the centerline. It marks the point at which all normal takeoff and landing 
operations are permitted. The operations permitted prior to this point depend on the 
type of restriction imposed. Taxi, takeoff, and rollout areas are marked by white arrows 
leading to a displaced threshold. When landing, you must touch down beyond the dis- 
placed threshold. The paved area prior to the displaced threshold is not designed for 
landing. A taxi-only area is a designated portion of a runway to be used only for taxi 
operations. It is marked by a yellow taxi line leading to a displaced threshold. When 
departing such a runway, you may use the entire length. However, plan your landing 
beyond the displaced threshold marking. When departing from or arriving on the oppo- 
site end, you may not consider this area as usable for takeoff or landing, except as an 
overrun during an aborted takeoff. 

Blast pad/stopway areas are marked by yel- 
low chevrons and may not be used for taxi- 
ing, takeoffs, or landings. The blast pad area 


On runways with a displaced threshold, the 
beginning portion of the landing zone is 
marked with a solid white line with white 


allows propeller or jet blast to dissipate arrows leading up to it. Although the pavement leading 
without creating a hazard to others. In the up to a displaced threshold may not be used for land- 

event vou must abort a takeoff, the stopway p ing, it may be available for taxiing, the landing rollout, 

provides additional paved surface for you and takeoffs. 

to decelerate and stop. On some runways - 


with a displaced threshold, a demarcation 
bar separates the displaced threshold area from a blast pad, stopway, or taxiway that pre- 
cedes the runway. 


Magnetic 
North 


y, 
These white arrows lead 
4 up to the runway threshold. 


This area is available for taxiing, takeoff, 
and landing rollout, but may not be used 
for landing. 


When clearing an active runway, 
you are most likely clear of the 
ILS critical area when you pass 


Figure 3-4. This illustration shows some samples of different types of runway restrictions. You 
may wish to refer to it as each element is discussed. 
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A closed runway is marked with a large yellow X at each end. Although the closed, or 
temporarily closed runway may not be used, other runways and taxiways which cross it 
are not affected unless specifically marked. A closed taxiway may be marked by Xs, or it 


may simply be blocked off. 


AIRPORT SIGNS 


Major airports usually have complex taxi routes, multiple runways, and widely dis- 
persed parking areas. In addition, vehicular traffic in certain areas may be quite 
heavy. As shown in figure 3-5, most airfield signs are standardized to make it easy for 
you to identify taxi routes, mandatory holding positions, and boundaries for critical 
areas. Another benefit, if you fly outside the United States, is that the U.S. standards 
are practically the same as ICAO specifications. The International Civil Aviation 
Organization (ICAO) is a specialized agency of the United Nations whose objective is 


to develop standard principles and tech- 


niques of international air navigation and to 
promote development of civil aviation. 

Sometimes the installation of a sign is not practical so a surface-painted sign may be 
used. Surface painted signs may include directional guidance or location information. 


Specifications for airport signs include size, 
height, location, and illumination require- 

For example, the runway number may be painted on the taxiway pavement near the 
taxiway hold line. 


As shown in figure 3-5, a mandatory 
instruction sign has white lettering on a red 
background. 


ments. [Figure 3-6] 
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Mandatory Instruction 
Signs denote an entrance 
to a runway, a critical area, — 
or an area prohibited to 
aircraft. These signs are 
red with white letters or numbers. An example of a 
mandatory instruction sign is a runway holding 
position sign whichis located at the holding position 
on taxiways that intersect a runway or on runways 
that intersect other runways. 


Direction Signs indicate dir- 
ections of taxiways leading out” 
of an intersection. They have 
black inscriptions on a yellow 
background and always contain 
arrows which show the approximate direction of turn. 


Information Signs 
advise you of such 
things as areas that 
cannot be seen 
from the control 
tower, applicable 
radio frequencies, 
and noise abatement procedures. These signs use 
yellow backgrounds with black inscriptions. 


Figure 3-5. There are six basic t 
tion, information, and runway distance remaining. 


Location Signs identify either the 
taxiway or runway where your 
aircraft is located. These signs are 
black with yellow inscriptions and ` 

a yellow border. Location signs* .“, 
also identify the runway boundary. 

or ILS critical area for aireraft exiting the runway.” A 


. 
F. = 


a 


= 
ta 


Destination Signs 
indicate the general 
‘direction to a location 
“on the airport, such as 
4 civil aviation areas, 


military areas, international areas, or FBOs. They 


have black inscriptions on a yellow background and 


always contain’an arrow. 


Runway Distance Remaining Signs 
are used to provide distance 
remaining information to pilots during 
takeoff and landing operations. The 
signs are located along the sides of 
the runway, and the inscription consists of a white 
numeral on a biack background. The signs indicate 
the distance remaining in thousands of feet. Runway 
distance remaining signs are recommended for 
runways used by turbojet aircraft. 


ypes of airport signs — mandatory, location, direction, destina- 
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After exiting the runway at 
Taxiway C, this sign directs 
; you to the left for the 
Akerlanding enis 3 international area. 
Runway 36, this sign 

indicates that there 
is 3,000 feet of 
runway remaining. 


If you were waiting at the hold line 
on Taxiway C, you would see this 
runway holding position sign 
which indicates that the threshold 
for Runway 36 is to the left and 
the threshold for Runway 18 is to 


the right. 
If you are traveling north on Runway 36, this 
direction sign indicates that you are approaching m 
Taxiway C intersection to your right. A ILS Critical Area 


This information sign alerts 
you to a noise sensitive area. 


This ILS critical 
area is designated 
by a mandatory 
instruction sign and 
a location sign. 


This runway holding 
position sign indicates 


the beginning of 


Runway 36. [co] 


This location sign identifies 
this area as Taxiway B. 


Figure 3-6. Knowing the meaning of airport signs, helps you navigate at unfamiliar airports. 


RUNWAY INCURSION 
AVOIDANGE 


The official definition of a runway incursion is “any occurrence at an airport involv- 
ing an aircraft, vehicle, person, or object on the ground that creates a collision haz- 
ard or results in loss of separation with an aircraft taking off or intending to take off, 
landing, or intending to land.” Runway incursions are primarily caused by errors 
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associated with clearances, communication, airport surface movement, and posi- 
tional awareness. There are several procedures that you can follow and precautions 
that you can take to avoid a runway incursion. 


1. During your preflight planning, ensure that you have all the pertinent informa- 


tion regarding airport construction and lighting. 
2. Complete as many checklist items as possible before taxi or while holding short. 


3. Strive for clear and unambiguous pilot-controller communication. Read back 
(in full) all clearances involving active runway crossing, hold short, taxi into 


position, and hold instructions. 


4. While taxiing, concentrate on your primary responsibilities. Don’t become 
absorbed in other tasks, or conversation, while the aircraft is moving. 


5. If unsure of your position on the airport, stop and ask for assistance. At a con- 


trolled airport, you can request progressive taxi instructions. 


6. When possible, while in a run-up area or waiting for a clearance, position your 
aircraft so you can see landing aircraft. 


7. Monitor the appropriate radio frequencies for information or other aircraft 
cleared onto your runway for takeoff or landing. Be alert for aircraft which may 
be on other frequencies or without radio communication. 


8. After landing, stay on the tower frequency until instructed to change frequencies. 


9. To help others see your aircraft during periods of reduced visibility or at night, 
use your exterior taxi/landing lights, when practical. 


10. Report deteriorating or confusing airport markings, signs, and lighting to the 
airport operator or FAA officials. Also report confusing or erroneous airport 
diagrams and instructions. 


11. Make sure you understand the required procedures if you fly into or out of an 
airport where LAHSO is in effect. 


When land and hold short operations (LAHSO) are in effect at controlled airports, 
ATC may clear you to land and hold short of an intersecting runway, an intersect- 
ing taxiway, or some other designated point on the runway. You can accept this 
clearance if you determine that you can safely land and stop within the available 
landing distance (ALD). ALD data is published in the special notices section of the 
applicable Airport/Facility Directory and in the U.S. Terminal Procedures 
Publication. Controllers also will provide ALD information upon request. A hold 
line/holding sign, as well as a row of lights at some airports, will indicate where 
you should hold short to remain clear of traffic. As part of your preflight planning 
you should determine if your destination has LAHSO and decide if the pr oee dune 
can be safely accomplished based on your airplane’s required landing distance. 


You have the option to decline a LAHSO i . 
5 clear f ; 
flight safety. [Figure 3-7] ance if you feel that it compromises 
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This aircraft is cleared to land 
on Runway 23 using the full 
length of the runway. 


ae 


| You are cleared to land on Runway 27 
| and hold short of Runway 23. 


Runway Holding 
Position Sign 


Figure 3-7. If you accept a LAHSO clearance, you should land and exit the runway at the 
first convenient taxiway before reaching the hoid short line. If this is not possible, you must 
stop at the hold short point. It is crucial that you maintain situational awareness if you are 

participating in LAHSO. 


LIGHTING SYSTEMS 

Airport lighting systems range from the simple lighting needed for VFR night land- 
ings to sophisticated systems which guide you to the runway in IFR conditions. You 
should familiarize yourself with each type of lighting and its significance to VFR, as 
well as IFR operations. 


APPROACH LIGHT SYSTEM 

The approach light system (ALS) helps you transition from instrument to visual ref- 
erences during the approach to landing. It makes the runway environment more 
apparent in low visibility conditions and helps you maintain correct alignment with 
the runway. Approach light systems use a configuration of lights starting at the land- 
ing threshold and extending into the approach area. Normally, they extend outward 
to a distance of 2,400 to 3,000 feet from precision instrument runways and 1,400 to 
1,500 feet from nonprecision instrument runways. 


Some approach light systems include sequenced flashing lights (SFL) or runway align- 
ment indicator lights (RAIL). SFL and RAIL consist of a series of brilliant blue-white 
bursts of flashing light. From your viewpoint, these systems give the impression of a 
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Figure 3-8. This illustration shows several approach light systems in various configurations 
ALSF-1 and ALSF-2 configurations are typical for runways that have instrument landing sys- 
tems, although SSALR/MALSR also may be used. The MALSF configuration and ODALS are 
used in conjunction with nonprecision instrument runways. 


ne of light traveling at high speed toward the approach end of the runway. SFL and 
IL usually are incorporated into other approach light systems. [Figure 3-8] 


At some locations, a high intensit j ight i 
; y white strobe light is placed on each sid - 
ie wires ae with the green threshold lights. Their purpose is io provide you 
eans of rapidly identifying the approach end of the runway during reduced vis- 
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ibility. They are normally aimed 10° up 


and 15° away from the runway centerline. “4 : 
REIL refers to a pair of synchronized flash- 


ing lights which provide rapid identification 
h -of the approach end of the runway during 
low visibility conditions. 


VISUAL GLIDE SLOPE 
INDICATORS 
Once you have the runway environment in 
sight, visual glide slope indicators help 
you establish and maintain a safe descent path to the runway. Their purpose is to pro- 
vide a clear visual means to determine if you are too high, too low, or on the correct glide 
path. These indicators are extremely useful during low visibility, or at night, when it 
may be difficult to judge the descent angle accurately due to a lack of runway contrast. 
Several different visual glide slope indicator systems are used, but one of the most com- 
mon is the two-bar visual approach slope indicator (VASI). The two-bar system pro- 
vides one visual glide path, normally set to 3°. Staying on the VASI glide path assures 
you of safe obstruction clearance within +10° 
a of the extended runway centerline and out to 
If you remain on the proper glide path of a 4 nautical miles from the threshold. When 
Wel youlate Besited sate obstruction using a VASI, you should attempt to fly your 
clearance in the approach area. Two-bar approach so the far bars indicate red and the 
Sls, which normally have an approach angle of three near bars show white. These are the proper 
degrees, show red over white when you are onthe light indications for maintaining the glide 
glide path. See figure 3-9. l k slope. VASI lights are visible from 3 to 5 miles 
: during the day and up to 20 miles at night. 
[Figure 3-9] 


Some airports are equipped with three-bar VASI systems consisting of three sets of 
light sources forming near, middle, and far bars. These systems provide two visual 
glide paths to the same runway. The first uses the near and middle bars. This glide path 
is the same as that provided by a standard two-bar VASI installation. The second uses 
the middle and far bars. This upper glide path is intended for use only by pilots of 


If both light bars are white, If you see red over red, you lf the far bar is red and the 
you are too high. are below the glide path. near bar is white, you are on 
the glide path. The memory 
aid "red over white, you're all 
right," is helpful in recalling 
the correct sequence of lights. 


Figure 3-9. The two-bar VASI system consists of two light boxes on each side of the runway. A sim- 
plified, abbreviated version, called SAVASI, may use only a single set of boxes, usually installed on 
the left side. If you are approaching a runway and all of the VASI lights appear to be red, as shown 
in the center, you should level off momentarily to intercept the proper approach path. 
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high-cockpit aircraft and is about one-quar- 
ter of a degree steeper than the first. The far 


P Thonan g m 4 E A bars are located approximately 700 feet 
Í v o Eo z n i 25° beyond the middle bars. When on the upper 
Cae a "e prime y glide path, the pilot sees red, white, and 
i -10. 3 ; 
steeper than the lower glide pa ee fig whitei e 4-10] 
3-BAR VASI 


ry) ; h 


A rive 2.4] oil P| aaa Pa SH nie +h, na thar Naar ALAA matin ia rierialty 
Figure 3-10. Unless obstacles dictate otherwise, the lower glide path is usually set at 3°. 


Some airports may have a pulsating approach slope indicator (PLASI) which projects a 
two-color visual approach path into the final approach area. A pulsating red light indi- 

cates you are below the glide path. A steady 

red light indicates you are slightly below the pte i i p 

glide path, while an above glide path is indi- e An on-glide path paren 
cated by a pulsating white light. The on-glide Rd two red lights and two white lights. See fig- 
path indication is a steady white light. The uro S = 
useful range is about 4 miles during the day 

and up to 10 miles at night. 


_ High (Over 3.5°) Slightly High (3.2°) On Glide Path (3°) Slightly Low (2.8°) Low (Under 2.5°) 


F 2 3 T = 


If all i 

iy a oe ce eos sa on the When you are on the If you are slightly low, If you are below the 
Hat an ' i gnt is red andthe glide path, the two lights only the light on the far glide path, alll four of 

other three are white, on the left are white and left is white the li hts d 

you are slightly high. the two lights on the | a 

right are red. 

Baura 3-41. The PADI ie n a ah 
API is ally locz on the left side of the runway and can be seen up to 
day and 20 miles at night. | 
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The precision approach path indicator (PAPI) uses lights similar to VASI, but the lights 
are installed in a single row of two- or four-light units. PAPI normally is located on the 
left side of the runway. [Figure 3-11] 


TRI-COLOR VASI i j 
; ; ; Tri-color VASIs normally consist of one light 

Another system, which consists of a single : 

k as bie i projector with three colors — amber, green, 
light unit projecting a three-color visual ; 

: 7 and red. See figure 3-12. 

glide path into the final approach area of 
the runway, is referred to as tri-color VASI. 
Depending on visibility conditions, this type of approach slope indicator has a useful 
range of approximately one-half to one mile during the day and up to five miles at night. 
[Figure 3-12] 


Tri-Color i 
VASI 


IEA 


As you decend below the glide path, you may see dark 
amber during the transition from green light to red, so you 
should not be deceived into thinking you are too high. 


Figure 3-12. The tri-color VASI uses amber, green, and red lights to show your position with 
respect to the glide path. 


RUNWAY LIGHTING 

Runway lights outline the landing area by clearly defining its boundaries. Some of these 
systems have bidirectional features which help you judge your position from the ends of 
the runway. A thorough understanding of runway lighting is important, particularly dur- 
ing low-visibility, IFR operations. 


Runway edge lights are used to outline the runway during periods of darkness or 
restricted visibility. They are classified according to their brightness — high intensity 
runway lights (HIRL), medium intensity runway lights (MIRL), and low intensity run- 
way lights (LIRL). The HIRL and MIRL systems have variable intensity controls which 
may be adjusted from the control tower or by the pilot using the CTAF or UNICOM fre- 
quency. The LIRL system normally has only one intensity setting. Runway edge lights 
are white, except on instrument runways where amber replaces white on the last 2,000 
feet or half the runway length, whichever is less. The amber lights along the final 2,000 
feet or one half of the instrument runway indicate a caution zone. 


Bidirectional threshold lights mark the ends of each runway. As you approach for land- 
ing, the lights are green, indicating the beginning of the runway. As you take off, the 
lights are red, marking the departure end of the runway. These lights are inside the run- 
way edge lights and perpendicular to the runway centerline. 


Lights also help you identify a displaced threshold during low visibility conditions or at 
night. Displaced threshold lights, which appear green during an approach to a landing, 
are located on each side of the runway. They are outboard from the runway edges and 
perpendicular to the runway centerline. No landings are permitted short of the green dis- 
placed threshold lights. Additionally, the absence of runway edge lights in this area 
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indicates that no operations are authorized short of the displaced threshold. If the dis- 
placed runway area is usable for specific operations (taxi, takeoff, and rollout), runway 
edge lights are installed to outline this area short of the displaced threshold. 


You may use the area short of the displaced threshold lights for taxi, takeoff, or rollout 
purposes when the runway edge lights appear in one of the following combinations: 


1. When looking down the runway from the displaced threshold portion, such as dur- 
ing a takeoff, the runway edge lights appear red, and the displaced threshold lights 


are visible. 


What’s New at Newark? 


In 1928, the city of Newark, New Jersey transformed an area of marshland into the Newark Metropolitan Airport which had 
the first hard-surfaced runway of any commercial airport in the United States. Designated as the eastern airmail terminal 
and official airport for the metropolitan area, Newark Metropolitan soon gained the reputation as the busiest airport in the world. Newark 
became a testing ground for airport control systems, and experiments conducted there aided the development of instrument landing 
approaches. Initially, Newark’s traffic was controlled by an official who stood near the runway and waved aircraft in and out with flags. 


At night, the airport was illuminated with floodlights mounted on a platform. Since it was too costly to keep these powerful lights on all 
night, an invention called Televox was tested in 1929. A pilot approaching the darkened field cranked the handle of a siren in the cockpit 
and the sound activated a device that switched on the floodlights. The Televox system was adopted at many airports. Newark also 
experimented with lights embedded in the center of the runway. In addition, wires were installed at right angles to the runway which 
emitted signals heard as clicks in the pilot's headset. The clicks indicated at what point the airplane was on the approach. 
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2. If looking from the runway to the dis- 
placed threshold area, such as during a TN, 


—— f 
landing and rollout, the runway edge Rd e ae ead kas a d 
lights appear white. In this case, you | WELTEN TE PN ii ‘i 
would not be able to see any displaced e i" po TIE ‘ 
threshold lights. 


Touchdown zone lighting (TDZL) helps you identify the touchdown zone when visibil- 
ity is reduced, It consists of a series of white lights flush-mounted in the runway. They 
begin approximately 100 feet from the landing threshold and extend 3,000 feet down the 
runway or to the midpoint of the runway, whichever is less. These lights are visible only 
from the approach end of the runway. 


Runway centerline lights (RCLS) are flush-mounted in the runway to help you maintain 
the centerline during takeoff and landing. They are spaced at intervals of 50 feet, begin- 
ning 75 feet from the landing threshold and extending to within 75 feet of the opposite 
end of the runway. As you approach the runway, the centerline lights first appear white. 
They change to alternating red and white lights when you have 3,000 feet of remaining 
runway, then they show all red for the last 1,000 feet of runway. These lights are bidi- 
rectional, so you see the correct lighting from either direction. 


Land and hold short lights are a row of five flush-mounted flashing white lights installed 
at the hold short point, perpendicular to the centerline of the runway on which they are 
installed. When land and hold short operations are conducted continuously, the land 
and hold short lights will normally be on during that period. Therefore, departing pilots 
and pilots which are cleared to land using the full length of the runway, should ignore 
the lights. 


Taxiway lead-off lights are similar to runway centerline lights. They generally are flush- 
mounted alternating green and yellow lights spaced at 50-foot intervals. They define the 
curved path of an aircraft from a point near the runway centerline to the center of the 
intersecting taxiway. When installed, taxiway centerline lights are green and taxiway 
edge lights are blue. 


Pilot-controlled lighting is designed primarily to conserve energy and may be found at 
some airports which do not have a full-time tower or an FSS. Typically, you control the 
lights by keying the aircraft microphone a specified number of times in a given number 
of seconds. For example, you may key the microphone 7 times in 5 seconds to turn on 
the lights to maximum intensity. To reduce the lighting level, key the microphone the 
number of times specified. However, you should be aware that using the lower intensity 
on some installations may turn the runway end identifier lights completely off. The 
lights normally turn off automatically 15 minutes after they were last activated. You can 
find information on pilot-controlled lighting and the airports where they are installed in 
the Airport/Facility Directory, the Jeppesen Airport Directory, and on applicable instru- 
ment approach procedure charts. 


AIRPORT BEACON AND OBSTRUCTION LIGHTS 
Some of the other types of lights that are located at or near airports include the airport 
beacon and obstruction lighting. The beacon is designed to help you locate the airport at 
night and during conditions of reduced visibility. Operation of the beacon during day- 
light hours at an airport within controlled airspace (Class B, C, D, and E surface areas) 
may indicate that the ground visibility is less than 3 statute miles and/or the ceiling is 
less than 1,000 feet. However, since they are often turned on by photoelectric cells or 
time clocks, you must not rely on the airport beacon to indicate that the weather is below 
VFR minimums. Remember, an ATC clearance is required if you wish to take off or land 
when the weather is below VFR minimums. 
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Figure 3-13. This Saa summary shows the various types of airport lighting typically found at 
large, controlled airpc 


Obstruction lights are installed on prominent structures such as towers, buildings 
and, occasionally, even powerlines. Bright red and high intensity white lights are 
typically used and may flash on and off to warn you of obstructions. [Figure 3-13] 


AIRSPACE 


Within the United States, airspace is clas- 
sified as either controlled or uncontrolled. 
Special use airspace and other airspace 
areas are additional classifications which 
may include both controlled and uncon- 


| If the airport is located within controlled air- 
( space, operation of the airport beacon during 
| daylight hours may indicate that the ground 


trolled segments. As pilot in command, visibility is less than 3 statute miles and/or the ceiling is 
you must know which flight restrictions or less than 1,000 feet. An ATC clearance is required for take- 
aircraft equipment requirements are offs and landings if the weather conditions are less than 
applicable in these different types of air- VFR. 

space. 


CONTROLLED AIRSPACE 
Controlled airspace means an airspace of defined dimensions within which air traffic 
control service is provided to IFR flights and to VFR flights in accordance with the air- 
space classification. Controlled airspace is 
a generic term which covers Class A, Class 
B, Class C, Class D, and Class E airspace. ; 

| As shown in figure 3-14, VFR requirements 
ating under IFR, your flight must con- Ra for flight visibility and distance from clouds 
form with ATC clearances from takeoff to i f changesdepending inwhieh coohiked air 
touchdown, and your transponder must space you are flying. 
be on, including Mode C if installed. 


As a routine measure, when you are oper- 
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During this time, ATC provides separation between your aircraft and all other IFR 
flights. If workload permits, ATC also provides traffic advisories for VFR opera- 
tions. It is very important to remember that controllers are not required to sepa- 
rate your aircraft from VFR flights and cannot provide separation from aircraft 
which do not appear on their radar display. Therefore, it is your responsibility to 
see and avoid other aircraft when you are operating under IFR in VFR weather 
conditions. [Figure 3-14] 


VFR IN CONTROLLED AIRSPACE 
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Figure 3-14 The basic weather minimums which apply in Class A, B, C, D, and E controlled air- 
space are listed in FAR 91.155. Notice that VFR flight is not permitted in Class A airspace. 


To fly in controlled airspace within the contiguous United States, your aircraft must 
meet certain equipment requirements. The FARs require that you have an operating 
transponder with Mode C capability in Class A airspace, Class B airspace, within 30 
nautical miles of Class B primary airports, and in and above Class C airspace. In 
addition, you must have a Mode C transponder when flying at or above 10,000 feet 
MSL, excluding the airspace at and 


below 2,500 feet AGL. This require- 
ment applies in all airspace (con- 
trolled or uncontrolled) within the 48 
contiguous states and the District of 
Columbia. For flights under IFR, you 
must operate Mode C at all times 
unless ATC directs otherwise. [Figure 
3-15] 
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Figure 3-15. To enhance safety for all aircraft, the airspace that covers the United States is divided into con- 
trolled and uncontrolled airspace. Operational requirements depend on the class of airspace you are flying in, as 
well as your altitude. Along with these requirements, you also must be aware of the minimum day/night flight visi- 
bilities and cloud clearance requirements that apply at various altitudes in controlled and uncontrolled airspace. 
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CLASS A AIRSPACE 
Within the contiguous United States, Class A airspace extends from 18,000 feet MSL up 
to and including FL600. Since VFR flight is not permitted in this area, your instrument 
training may provide your first opportunity to 
P fly in Class A airspace. Instrument high alti- 
Airera t operatig in Aapa a tude enroute charts must be used for flights in 
contiguous States and the District of 
Columbia at and above 10,000 feet MSL 


Class A airspace. 


pusube Sauippediwitl an oper transponder A Because aircraft in Class A airspace operate at 
Mode C, except when operating at or below 2,500 feet such high speeds, it would be impractical for 
aa pilots to reset their altimeters every 100 nauti- 


cal miles. So, within Class A airspace, you are 
required to use a standard setting of 29.92 in. Hg. This means that all pilots are maintain- 
ing their assigned altitudes using the same 
altimeter reference. In addition, altitudes are y 
prefaced by the letters FL, meaning flight level, P | Over most of the United States , Class A air- 
with the last two zeros omitted. For example, space extends from 18,000 feet MSL to FL600. 
35,000 feet is referenced as FL350. 


To fly in Class A airspace, you must adhere to the following guidelines: 
1. If acting as pilot in command, you must be rated and current for instrument flight. 


2. You must operate under an IFR flight plan and in accordance with an ATC clearance 
at specified flight levels. 


3. Your aircraft must be equipped with instru- 
ments and equipment required for IFR oper- 
ations, including an encoding altimeter and 
transponder. You are also required to have a instrument-rated, current, and on an IFR ` 
radio providing direct pilot/controller com- , flight plan. The aircraft must be IFR 
munication on the frequency specified by equipped and, in most cases, DME is required at or 
ATC for the area concerned. In addition, you above 24,000 feet MSL. 
must have navigation equipment appropri- 
ate to the ground facilities to be used. 


To fly in Class A airspace, you must be 


4, When VOR equipment is required for navigation, your aircraft must also be equipped 
with distance measuring equipment (DME) if the flight is conducted at or above 
24,000 feet MSL. If the DME fails in flight, 
you must immediately notify ATC. Then, 


you may continue to operate at or above When flying at 24,000 feet, if DME is 
24,000 feet MSL and proceed to the next Rd required and it fails, you must notify ATC, 
airport of intended landing where repairs but you can continue to the next airport of 


can be made. intended landing and have it repaired. 


CLASS B AIRSPACE 


At some of the country’s busiest airports, Class B airspace has been established to sepa- 
rate all arriving and departing traffic. Generally, this airspace is from the surface to 
10,000 feet MSL. The airspace consists of a surface area and two or more layers, which 
are unique for each Class B airspace since they are designed to facilitate traffic Sry 
tion at a particular terminal. Pilot participation is mandatory, and an ATC clearance must 
be received before you enter a Class B area. Some of the Class B airspace areas have VFR 
corridors to allow pilots of VFR aircraft to pass through them without contacting ATC. 


To operate under VFR in C j i 
ae lass B airspace, your aircraft must have a two-way radio, and a 


-code transponder wi . . : 
~~ ponder with Mode C automatic altitude reporting. However, a Mode S 
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transponder can be used anywhere a Mode C 
transponder is required. For IFR operations in 
Class B airspace, you must also have a VOR 
receiver. In addition, to take off or land at cer- 
tain large airports listed in Appendix D of FAR 
91, you must hold at least a private pilot certifi- 
cate. With certain exceptions, a transponder 
with altitude reporting capability is required 
anytime you are operating within 30 nautical 
miles of the primary airport from the surface 
upward to 10,000 feet MSL. 


CLASS C AIRSPACE 

Class C airspace areas are designated at certain 
airports where ATC is equipped to provide 
radar service for all aircraft. Normally, Class C 
airspace designations consist of 2 circular areas 
which extend outward from the primary air- 
port and are referred to as the 5 nautical mile 
radius core area and the 10 nautical mile radius 
shelf area. In addition, an outer area extends 10 
nautical miles beyond the outer circle. 
Although it is not required, pilot participation 
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The upper limit for most Class B airspace 
areas is 10,000 feet MSL. 


Q 


To operate in Class B airspace, you must 
Rd be at least a private pilot, or a student pilot 

with the appropriate endorsement. 
However, at certain large airports, student pilot opera- 
tions are not allowed. 


Among other requirements for flight within 
Class B airspace, your aircraft must be 


> equipped with either a Mode S or a 4096-code 


transponder that has Mode C altitude reporting equipment. 


for flights within the outer area is strongly encouraged. Before operating within the core and 


As a minimum, you must have two-way 
radio communication equipment and a 


à Mode C transponder for flight operations . 


within Class C airspace. 


> = -_ 
... Shelf Area 
—— 10 nm. 


Radius Core Area 


1.200 ft 
AGL 


shelf areas, you must establish two-way com- 
munication with the ATC facility having juris- 
diction over the area and maintain radio 
contact at all times. If you depart a satellite air- 
port located within Class C airspace, you must 
establish two-way communication with ATC 
as soon as practicable. [Figure 3-16] 
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Figure 3-16. The core area typically begins at the surface and has a 5 nautical mile radius from 
the primary airport, while the shelf area normally starts at 1,200 feet AGL and has a 10 nautical 
mile radius. Both have upper limits of 4,000 feet above the primary airport. The outer area usu- 
ally has a radius of 20 nautical miles and extends from the lower limits of radar/radio coverage 
up to the ceiling of approach control’s delegated airspace, excluding the Class C airspace itself. 
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All aircraft operating in Class C airspace, and in all airspace above the ceiling and within 
the lateral boundaries extending upward to 10,000 feet MSL, must be equipped with an 
operable transponder with Mode C. Aircraft operating in the airspace beneath Class C 
airspace will not be required to have a transponder with Mode C. 


CLAaAsS D AIRSPACE 

Class D airspace areas are designated at airports with operating control towers which are 
not associated with Class B or C airspace. Before you enter Class D airspace you must 
establish and maintain two-way radio communication with the control tower. When 
departing the primary airport within Class D airspace, you also must establish and main- 
tain communication with the tower. It is 

important to note that airspace at an airport i i ae i 
Kea a part-time control tower is classified as Rd Pe aig rogpirog © ne el 
a Class D airspace only when the control cation with heal: aaa 
tower is in operation. Class D airspace. 


At some locations, there may be a satellite air- 
port within the same Class D airspace designated for the primary airport. If the satellite 
airport also has a control tower, similar radio communication requirements with that 
tower prevail for arrivals and departures. If the satellite airport is a nontower field, arriv- 
ing aircraft must establish contact with the 
a — primary airport’s control tower. Departures 
poser a ©. E Ba t 9 from a nontower satellite must establish 
t papim pe location cae communication with the ATC facility (tower) 
ace normally becomes Class E airspace — a eee ; 
f3 ; e having jurisdiction over the Class D air- 
when the tower is closed. However, if f ; 
ae te space as soon as practicable after depart- 
weather observations and reporting are not available, : ' ; 
e 5 oneacesce pis » ing. To the maximum extent practical and 
ae be ae ae = = al > consistent with safety, satellite airports 
have been excluded from Class D airspace. 
[Figure 3-17] 


Figure 3-17. At some locations, a 
satellite airport without an operating 
control tower might have airspace 
carved out of the Class D airspace, or 
it could be placed under a shelf of the 
Class D airspace. 


The ceiling of a Class D airspace area 
is usually 2,500 feet above the surface 
of the airport converted to mean sea 
level, and rounded to the nearest 100- 
foot increment. If conditions of a par- 
ticular airspace area warrant, the 
ceiling may be raised or lowered as 
appropriate. The ceiling of Class D 
airspace is shown in hundreds of 
feet MSL on sectional charts. Laterally, Class D airspace (depicted as blue dashed 


lines on sectional charts) normally consists of a circular area with a 4 nautical mile 
radius. However, because the airspace is 


based on the instrument procedures for 
which the controlled airspace is estab- 
lished, the lateral dimensions may be larger 
or smaller and can be irregular in shape. 
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CLASS E AIRSPACE 

Much of the remaining controlled airspace is designated as Class E airspace, which 
includes several different segments. One portion of Class E consists of the airspace 
covering the 48 contiguous states, District of Columbia, and Alaska. Also included is 
the airspace out to 12 nautical miles from the coastlines. Unless designated at a lower 
altitude, Class E airspace begins at 14,500 feet MSL and extends up to, but not 
including, the base of the Class A airspace at 18,000 feet MSL. The only exceptions 
are the Alaska peninsula west of 160° west longitude and airspace within 1,500 feet 
of the surface. 


During flight in Class E airspace between 14,500 and 18,000 feet MSL, you have no 
additional operating requirements beyond those mentioned previously. For example, 
you must operate the Mode C feature of your transponder when at or above 10,000 
feet MSL, excluding the airspace at or below 2,500 feet AGL, and apply the appro- 
priate cloud clearance and visibility requirements when flying under VFR. 
Remember that you cannot fly VFR above FL180, which is Class A airspace. 


Another segment of Class E airspace is the low altitude airway system connecting 
one navaid to another. These routes are used by VFR, as well as IFR aircraft, and are 
called Federal airways, or Victor airways. These airways are based on VOR or VOR- 
TAC navigation aids and are identified by a V and the airway number. A few airways 
are based on L/MF (low/medium frequency) navigation aids, or NDBs. The only 
L/MF airways still in use are in Alaska and coastal North Carolina. Airways are usu- 
ally 8 nautical miles wide, begin at 1,200 feet AGL, and extend up to, but not includ- 
ing 18,000 feet MSL. Some airway segments, such as those over mountainous terrain, 
may have a floor greater than 1,200 feet AGL, which is designated on sectional 
charts. VFR cloud clearance and visibility requirements on an airway depend on 
your cruising altitude. [Figure 3-18] 


Figure 3-18. Federal airways are designated as Class E airspace. 
3-23 
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Class E airspace transitional areas have also 
been established between airports and the air- 
way route system to allow IFR traffic to remain 
in controlled airspace while transitioning 
between the enroute and airport environments. 
These segments of Class E airspace usually 
begin at 1,200 feet AGL if they are associated 
with an airway. Transitional areas are outlined on sectional charts only if they border uncon- 


nautical miles each sid 
` 


trolled airspace. 


Some airports located in Class E or Class G airspace areas have operating control towers. You 
are required by FARs to establish radio communication prior to 4 nautical miles from the air- 
port (up to and including 2,500 feet AGL) and to maintain radio contact with the tower while 


in the area. 


At nontower airports which have an approved instrument approach procedure, Class E tran- 

sition airspace often begins at 700 feet above the surface. At some nontower airports, Class E 

airspace extends upward from the sur- 

i a H E face, and usually encompasses airspace 

Tho 'locgof the Class Ea ao surrounding the airport, in addition to 

usadas pan nonen foran airport with the extensions to accommodate arrivals 

: ai appa instrument approach proce- and departures. Both of these types of 

= nip eet AGL and extends to rer = Class E airspace are depicted on aeronau- 
° =e! 


wai 
ig * 
pol airspace. p tical charts. [Figure 3-19] 
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Figure 3-19. This nontower airport is surrounded by Class E airspace which extends from the 
surface and adjoins Class E airspace which begins at 700 feet AGL. 


SPECIAL VFR 


In addition to maintaining the VFR minimums specified in figure 3-14, you may only 
operate within the areas of Class B, C, D, or E airspace which extend to the surface 
around an airport, when the ground visibility is at least 3 statute miles and the cloud 
ceiling is at least 1,000 feet AGL. If ground visibility is not reported, you can use flight 
visibility. When the weather is below these | 
VFR minimums, and there is no conflicting 
IFR traffic, a special VFR clearance may be 
obtained from the ATC facility having juris- 
diction over the affected airspace. A special 
VFR clearance may allow you to enter, leave, or 
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operate within most Class D and Class E 

g 2 

urface areas and some Class B and Class | To operate an airplane under special VFR 
C surface areas if the flight visibility is at Rd Paanan ded areo voulnne! 
] i i i 

east 1 statute mile and you can T R hold an instrument rating and the airplane 
clear of clouds. At least one statute mile ! ; 

eee: i : must be equipped for instrument flight. 

ground visibility is required for takeoff 
and landing; however, if ground visibility 
is not reported, you must have at least 1 statute mile flight visibility. 


Special VFR is not permitted between sunset and sunrise unless you have a current instru- 
ment rating and the aircraft is equipped for instrument flight. In addition, special VFR clear- 
ances are not issued to fixed-wing aircraft (day or night) at the nation’s busier airports 
which are listed in Section 3 of Appendix D of FAR 91. 


CLASS G AIRSPACE (UNCONTROLLED) 


Class G airspace is that area which has not been designated as Class A, B, C, D, or E airspace 
and is essentially uncontrolled by ATC. For 
example, the airspace below a Class E airspace 
area or below a Victor airway is normally uncon- 
trolled. Most Class G airspace terminates at the 
base of Class E airspace at 700 or 1,200 feet AGL, 
or at 14,500 feet MSL. An exception to this rule 
occurs when 14,500 feet MSL is lower than 1,500 feet AGL. In this situation, Class G air- 
space continues up to 1,500 feet above the surface. The amount of uncontrolled airspace has 
steadily declined because of the expanding 

need to coordinate the movement of aircraft. 


Unless below 1,500 feet AGL, the maxi- 
mum altitude for Class G airspace is 
14,500 feet MSL. 


As shown in figures 3-14 and 3-20, the 
Except when associated with a temporary RI VFR minimums ator above 10,000 feet 
control tower, ATC does not have responsi- MSL (and more than 1,200 feet AGL) oe 
bility for or authority over aircraft in Class G nesame for Class G and Class E. r ji 
airspace; however, most of the regulations j à 
affecting pilots and aircraft still apply. For 
example, although a flight plan is not 
required for IFR operations in Class G air- 
space, both pilot and aircraft must still be 
fully qualified for IFR flight. In addition, in 
several cases, the day weather minimums for 
VFR flight are reduced from those in con- 
trolled airspace. 9: Misus 3-20] 
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Figure 3-20. Weather minimums for VFR flight in Class G airspace are shown in this illustration. 
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AIRCRAFT SPEED LIMITS ka 
As you move into faster aircraft, you must also be concerned with aircraft speed limita- 
tions. For example, unless otherwise authorized by air traffic control, you generally may 
not operate an aircraft below 10,000 feet MSL at a speed greater than 250 knots indicated 
airspeed (KIAS). Further, unless otherwise authorized or required by ATC, you may not 
operate an aircraft at or below 2,500 feet above 
the surface within 4 nautical miles of the pri- 
mary airport of a Class C or Class D airspace 
area at a speed greater than 200 KIAS. The 200 
KIAS limit also applies to the airspace under- 
lying a Class B airspace area or in a VFR corri- 
dor designated through such airspace. 


4 ‘Normally the maximum indicated airspeed 

permitted when at or below 2,500 feet AGL 
~ within 4 nautical miles of the primary air- 

_ port of a Class C or Class D airspace is 200 knots. 


SPECIAL USE AIRSPACE 


Special use airspace is used to confine certain flight activities and to place limitations on 
aircraft operations which are not part of these activities. The various types of airspace 
may be designated as prohibited, restricted, warning, alert, military operations areas, 
controlled firing areas, and national security areas. With the exception of controlled fir- 
ing areas, the dimensions of special use airspace are depicted on aeronautical charts. The 
information about the hours of operation and effective altitudes may be listed directly on 
the aeronautical chart, or indexed by area number on a chart panel. 


Prohibited areas contain airspace within which the flight of aircraft is prohibited. Such 
areas are established for security or other reasons associated with the national welfare. 
Restricted areas often have invisible hazards to aircraft such as artillery firing, aerial 
gunnery, or flight of guided missiles. Permission to fly through a restricted area must by 
granted by the controlling agency. If ATC issues you an IFR clearance (including a clear- 
ance to maintain VFR-on-top) which takes you through restricted airspace, such a clear- 
ance constitutes authorization to penetrate the airspace. In this case, you need take no 
further action other than to comply with the clearance, as issued, and maintain normal 
vigilance. 


A warning area is airspace of defined dimensions, extending from three nautical miles 
outward from the coast of the United States, that contains activities that may be haz- 
ardous to nonparticipating aircraft. The purpose of such warning areas is to warn non- 
participating pilots of the potential danger. A warning area may be located over domestic 
or international waters or both. Alert areas may contain a high volume of pilot training 
or an unusual type of aerial activity, such as parachute jumping or glider towing. Flight 
within alert areas is not restricted, but you are urged to exercise extreme caution. Pilots 
of participating aircraft, as well as pilots transiting the area, are equally responsible for 
collision avoidance and compliance with the FARs. 


Military operations areas (MOAs) are established to separate certain military training 
activities from IFR traffic. When you are flying under IFR, you may be cleared through 
an active MOA if ATC can provide separa- 
- s tion. Otherwise, ATC will reroute or 
1 MOAs are oe ee a 7 Sen restrict your flight operations. Before 
training activities from IFR traffic. | entering an aci MO una a h n 
Li ; f should contact the controlling agency for 
traffic advisories. Information regarding 
route activity is available from any FSS 

within 100 nautical miles of the area. 


The distinguishing fe 


feature of a controlled firing area, compared to other special use air- 
space, is that its activ 


ities are discontinued immediately when a spotter aircraft, radar, or 
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ground lookout personnel determine an aircraft might be approaching the area. Since 
nonparticipating aircraft are not required to change their flight path, controlled firing 
areas are not depicted on aeronautical charts. 


National security areas (NSAs) are established at locations where there is a requirement 
for increased security and safety of ground facilities. You are requested to voluntarily 
avoid flying through an NSA. At times, flight through an NSA may be prohibited to pro- 
vide a greater level of security and safety. A NOTAM is issued to advise you of any 
changes in an NSA’s status. 


OTHER AIRSPACE AREAS 


Other airspace areas include airport advisory areas, military training routes, and areas 
where temporary restrictions or limitations/prohibitions apply. Recommended proce- 
dures for operating in these areas are outlined in the Aeronautical Information Manual. 


An airport advisory area encompasses the airspace within 10 statute miles of an airport 
where an FSS is located and there is no operating control tower. At these locations, the 
FSS provides local airport advisory (LAA) service. Military training routes (MTRs) are 
established below 10,000 feet MSL for both VFR and IFR operations at speeds in excess 
of 250 knots. However, some route segments may be at higher altitudes. Parachute jump 
aircraft areas are tabulated in the Airport/Facility Directory. Times of operation are 
local, and MSL altitudes are listed unless otherwise specified. 


Temporary flight restrictions are imposed by the FAA to protect persons and property 
on the surface or in the air. For example, the FAA will normally issue a NOTAM to pro- 
vide a safe environment for rescue/relief operations and to prevent unsafe congestion 
above an incident or event which may generate high public interest. The restricted air- 
space for rescue/relief operations is usually limited to within 2,000 feet above the sur- 
face within a three nautical mile radius. Incidents near controlled airports are handled 
through existing procedures and normally do not require issuance of a NOTAM. 
However, NOTAMs are issued to restrict flight in the vicinity of space flight operations 
and in the proximity of the President, Vice President, and other public figures. 


Terminal radar service areas (TRSAs) do not fit into any of the U.S. airspace classes. 
Originally part of the terminal radar program at selected airports, TRSAs have never 
been established as controlled airspace and, therefore, FAR Part 91 does not contain any 
rules for TRSA operations. However, the airspace surrounding the primary airport 
within a TRSA becomes Class D airspace, while the remaining portion of the TRSA over- 
lies other controlled airspace which is normally Class E airspace beginning at 700 or 
1,200 feet AGL and established to transition to and from the enroute/terminal environ- 
ment. Therefore, you must abide by the rules established for these areas. By contacting 
approach control, you can receive radar services within a TRSA, but participation is not 
mandatory. 


ADIZ 


Aircraft entering U.S. domestic airspace from points outside must provide identification 
prior to entry. Air defense identification zones (ADIZs) have been established to facili- 
tate this early identification. You must file a flight plan, with an appropriate facility such 
as an FSS, to penetrate or operate within a coastal or domestic ADIZ. If flying VFR, you 
file a defense VFR (DVFR) flight plan. It contains information similar to local flight 
plans, but helps to identify your aircraft as you enter the country. Unless otherwise 
authorized by ATC, a transponder with Mode C (or Mode S) capability is required, and 
the transponder must be turned on and operable. You are also required to have a two- 
way radio and periodically give ATC reports of your location while inbound toward the 


ADIZ. 


SEATS 
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The following table (figure 3-21), summarizes the features and requirements of the dif- 
ferent classes of airspace. 


Tod 
Features 
Oss. 
Permitted 
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(FH Enig 
|  Eguismer 
, Requirements 


| Transponder with 


Required Mode C 


Transponder with 
Mode C 


Student Pilot 
Certificate 


l Miraa Pte! 
Qualifications 


Private Pilot 
Certificate 


Instrument 
Rating 


Student Pilot 
Certificate 


Student Pilot 
Certificate 
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 fweeway Radi Yes for IFR 
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VER Min Ve Day 1s.m. 
and Distance 


| from Clouds 
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eG 
(Regardiese at 
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TOLET 
Visibility 
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Separation 


3 Statute Miles 


Clear of Clouds 


All Aircraft 
Separation 


3 Statute Miles 


500 ft Below 
1,000 ft Above 
2,000 ft 
Horizontal 


IFR/IFR 
Separation 


IFR/VFR 
Separation 


VFR Traffic 
Advisories 
(workload 
permitting) 


3 Statute Miles 


500 ft Below 
1,000 ft Above 
2,000 ft 
Horizontal 


IFR/FR 
Separation 


VER Traffic 
Advisories 
(workload 
permitting) 


Below 10,000 ft 
MSL - 3 s.m. 


At or Above 
10,000 MSL - 
5s.m. 


Below 10,000 ft 
MSL - 
500 ft Below 
1,000 ft Above 
2,000 ft 
Horizontal 


At or Above 
10,000 ft MSL — 
1,000 ft Below 
1,000 ft Above 
1 s.m. Horizontal 


IFR/IFR 
Separation 


VER Traffic 
Advisories on 
Request 
(workload 
permitting) 


Clear of Clouds 


Night 3 s.m. 
500 ft Below 
1,000 ft Above 
2,000 ft 
Horizontal 


Below 10,000 ft 
MSL - 
Day 1 s.m. 
Night 3 s.m. 


At or Above 
10,000 MSL — 
5 s.m. (above 
1,200 ft AGL) 


Below 10,000 ft 
MSL — 

500 ft Below 
1,000 ft Above 
2,000 ft 
Horizontal 
(above 1,200 ft 
AGL) 

At or Above 
10,000 ft MSL — 
1,000 ft Below 
1,000 ft Above 
1 s.m. Horizontal 
(above 1,200 ft 
AGL) 


VFR Traffic 
Advisories on 
Request 
(workload 
permitting) 


Figure 3-21. You can use this table as a 
ia reference to the weath z 
ing requirements of each class of airspace a 
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FLIGHT INFORMATION 


Regulations require you to familiarize yourself with all available information concerning each 
flight. The following review of flight information publications is designed to help you fulfill 
this requirement. The publications in this section include the Airport/Facility Directory, 
Aeronautical Information Manual, Notices to Airmen, the International Flight Information 
Manual, Advisory Circulars, and the Jeppesen Information Services. [Figure 3-22] 


NOTICES TO [international yy; ht 
AIRMEN {nformation M} e 


Domesticiinternational nual 
> 


October 9, 19 


Figure 3-22. Use these publications to help you stay current with the latest changes in the avia- 
tion industry. 


AIRPORT/FAGILITY DIRECTORY 
The Airport/Facility Directory (A/FD) is a series of regional books which includes a tab- 


ulation of ail data on record with the FAA for public-use civil airports, associated termi- 
nal control facilities, air route traffic control centers, and radio aids to navigation. A 
comprehensive legend sample is printed in the first few pages of each book. The legend 
provides you with a breakdown of all the information in the A/FD. [Figure 3-23] 


The airport is attended from 1200Z to 0300Z. The + 
symbol indicates that during daylight saving time, 
effective hours are one hour earlier than shown. 


This airport is depicted on the Jacksonville 
DIRECTORY LEGEND sectional, a helicopter chart, NOS high altitude 
enroute chart H-4 panel G, and low altitude 
enroute chart L-19 panel C. 
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Runway 13-31 has high intensity runway lights, 
and Runway 13 has a simplified abbreviated VASI 
with two light boxes on the left side of runway. 
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Below 5,000 feet MSL, the VOR is 
restricted between the 050° and 060° 
radials beyond 15 nautical miles. 


The hours for approach 
control may affect the 
IFR arrival procedure. 


The airport is equipped 
with an instrument 

landing system and the 
frequency is 109.9 


Your IFR clearance for departure É 
should be obtained on the pretaxi 
clearance frequency 125.5 MHz. 


ASR or PAR el : | The FSS has direction-finding 
minimums are published. equipment. 


Figure 3-23. The A/FD provides information in the facility listing which is of special interest to you 
as an instrument-rated pilot. 
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Although airport and facility data make up 
the bulk of the directory, there are several 
other sections that contain essential informa- 
tion. Many of these areas pertain to IFR flight 
operations. The special notices section fur- 
nishes information regarding subjects such as 
the civil use of military fields, newly certified airports, continuous power facilities, and 
special flight procedures. Preferred IFR routes, special notices, LAHSO data, and tele- 
phone numbers for the FSS and NWS outlets, as well as numbers for PATWAS and 
TWEB are provided in the A/FD. You also can find a listing of VOR receiver checkpoints 
and VOT facilities for each region. If you have not used the A/FD recently, you should 
get a copy and thoroughly familiarize yourself with it. [Figure 3-24] 
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Figure 3-24. Areas of the A/FD you may not have used before include the ARTCC sector fre- 
quencies and the low altitude preferred IFR routes. 


AERONAUTICAL 
INFORMATION MANUAL 


The Aeronautical Information Manual (AIM) contains fundamental information 
required for both VFR and IFR flight operations within the National Airspace System. It 
is revised several times each year and is an excellent source of operational information 
which you should study and review periodically. For example, the AIM describes the 
capabilities, components, and procedures required for each type of air navigation aid 
and includes a discussion of radar services, capabilities, and limitations. You can also 
find a comprehensive description of current airport lighting and runway markings, air- 
space, and ATC services. Additional coverage addresses altimetry, wake turbulence l and 
potential flight hazards, as well as safety reporting programs, medical facts for i 
and aeronautical charts. The Pilot/Controller Glossary promotes a common ndern] 


ing of the terms used in the ATC s i i 
ing € ystem. International terms that dif = 
initions are listed after their U.S. equivalents. G 


NOTICES TO AIRMEN 


Notices to Ai ` m : 

er on Or | contain time-critical, aeronautical information that could 

-e e p o make a flight. The information is either temporary in nature or 
e for publication on aeronautical charts and/or in other documents. 
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As shown in figure 3-23, the airport is 
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Airport or primary runway closures, changes in the status of navigational aids, radar ser- 
vice availability, and other data essential to enroute, terminal, or landing operations are 
examples of information that may be included in NOTAMs. NOTAMs are divided into 
three categories, NOTAM(D) (distant), NOTAM(L) (local), and F light Data Center (FDC) 
NOTAMsS. 


NOTAM(D) information is disseminated for all navigational facilities that are part of the National 
Airspace System, all public use airports, seaplane bases, and heliports listed in the Airport/Facility 
Directory. The complete file of all NOTAM(D) information is maintained in a computer data base 
at the Weather Message Switching Center located in Atlanta, Georgia. Most air traffic facilities, pri- 
marily FSSs, have access to the entire database 
of NOTAM(D)s which remain available for the 
duration of their validity or until published. 


NOTAM(L) information is distributed 
locally and includes items such as taxiway 
closures, construction activities near run- 
ways, snow conditions, and changes in the 
status of airport lighting, such as VASI, that do not affect instrument approach criteria. A 
separate file of local NOTAMs is maintained at each FSS for facilities in their area. You 
must specifically request NOTAM(L) information directly from other FSS areas that have 
responsibility for the airport concerned. 


FDC NOTAMsS are used to disseminate information that is regulatory in nature. Examples 
are amendments to aeronautical charts, changes to instrument approach procedures, and 
temporary flight restrictions. FSSs are respon- 
sible for maintaining unpublished FDC 
NOTAMs concerning conditions within 400 
nautical miles of their facilities. FDC NOTAM 
information that affects conditions more than 
400 miles from the FSS, or that is already pub- 
lished, is provided to a pilot only upon request. 


The Notices to Airmen publication is issued every 28 days and includes NOTAM(D)s that are 
expected to remain in effect for an extended period and current FDC NOTAMs. Once pub- 
lished in the Notices to Airmen, this informa- 
tion is taken off the distribution circuits and 
will not be provided in a pilot weather brief- 
ing unless you specifically request it. Data of 
a permanent nature is sometimes printed in 
Notices to Airmen as an interim step prior to 
publication in the appropriate aeronautical 
chart or Airport/Facility Directory. 


INTERNATIONAL FLIGHT INFORMATION 
MANUAL 


The International Flight Information Manual contains the requirements and instruc- 
tions for flying outside the United States. It is intended to be used as a preflight planning 
guide by nonscheduled operators. Airport of entry, passport/visa, and customs proce- 
dures for each country are detailed. In addition, routes, such as the established North 
American Routes (NARs), minimum navigation equipment, long-range navigation infor- 
mation, and other planning data are listed. 
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ADVISORY CIRCULARS 

To provide current aviation information on a recurring basis, the Department of 
Transportation publishes and distributes Advisory Circulars. These circulars provide 
information and procedures which are necessary for good operating practice, but 
which are not binding to the public unless they are incorporated into a regulation. For 
ease of reference, Advisory Circulars use a coded numbering system that corresponds 
to the subject areas of the FARs. An Advisory Circular Checklist, which is issued peri- 
odically as AC 00-2, contains the subjects covered and the availability of each circu- 
lar. It also provides you with pricing information. While many advisory circulars are 
free of charge, you must purchase others. 


JEPPESEN INFORMATION SERVICES 
Many commercial publishers offer information for pilots which is comparable to that 
found in government sources. For example, Jeppesen publishes both a printed and CD 
ROM version of the FAR/AIM, each of which is revised annually. In addition, 
Jeppesen Information Services provide revision subscriptions for several flight infor- 
mation publications including the Jeppesen AIM, Jeppesen FARs for Pilots, the 
Jeppesen Airport Directory, JeppGuide, and the GPS/LORAN Coordinate Directory. 
The AIM, FARs, airport directory, and JeppGuide are printed in loose-leaf format for 
ease of revision. 


JEPPESEN FARS FOR PILOTS 

By subscribing to the FARs service, you receive updates to the regulations as they are 
amended. The FARs service includes the Parts most commonly used by pilots, includ- 
ing the Hazardous Materials Regulations (HMR), National Transportation Safety 
Board (NTSB) Part 830, and current Special FARs. [Figure 3-25] 


"Pilotage" means navigation by visual reference to 
landmarks. 


P “Pilot in Command" means the person who: 
(1) Has final authority and responsibility for the 
Operation and safety of the flight; 
© (2) Has been designated as pilot in command 
before or during the flight; and j 
(3) Holds the appropriate category, class, and É 
type rating, if appropriate, for the conduct of È 
L _the flight. 


“Pitch setting” means the propeller blade setting É 
as determined by the blade angle measured ina É 
manner, and at a radius, specified by the instruc- 

tion manual for the propeller. ‘ 


“Positive control” means control of all air traffic, 
within designated airspace, by air traffic control. 


Figure 3-25. The revised 


paragraphs, whi j 
Geet raadon grap ch are actually amendments to the regulations, are 


s or brackets in the margin of the affected pages. 
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JEPPESEN AIM 
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The Jeppesen AIM service which provides revisions twice a year contains the information 
published in the government edition, including the Pilot/Controller Glossary, as well as 
Tables and Codes, and Entry Requirements. Because of the comprehensive coverage of the 
material and the frequency of revision, FAR Part 135.81 authorizes air taxi and commer- 
cial operators to use the Jeppesen AIM as a substitute for the government edition. 


JEPPESEN AIRPORT 


DIRECTORY AND JEPPGUIDE 


The Jeppesen Airport Directory service 
includes a choice of regional coverages or 
full U.S. coverage updated twice a year. To 
avoid duplication of diagrams on IFR 
approach charts, only VFR airport diagrams 
are published in these directories. However, 
pertinent airport data are included for both 
IFR and VFR airports. When appropriate, 
general operational information, airport 
remarks, fixed base operator (FBO) services, 
car rental services, and lodging and restau- 
rant availability are noted. Airports within 
each state are listed by city name, followed 
by the airport name, when different. The 
JeppGuide depicts one airport per page and 
provides diagrams for both VFR and IFR air- 
ports. [Figure 3-26] 


Figure 3-26. In addition to airport data, 
JeppGuide provides extensive, detailed list- 
ings of FBO services, including availability 
of restaurants at the airport and nearby, fuel 
services, repair facilities, credit card accep- 
tance, lodging, and rental cars. 
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An important reference document for users of GPS and LORAN equipment, this direc- 
tory contains coordinates for all public-use airports, navaids, and waypoints within 
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the contiguous 48 states. Airports are 
arranged by state, city, and airport 
name. An FAA identifier is included, 
as well as the airport reference point 
(ARP) coordinates. The ARP is usually 
located in the center of the airport. 
Waypoints are listed by name, and air- 
ports and navaids are listed by name 
and three-letter identifier. Each listing 
is indicated by an edge-marked tab. 
[Figure 3-27] 


Figure 3-27. Unlike the other Jeppesen 
Information Services, the GPS/LORAN 
Coordinate Directory is published in a 
bound book (5-1/2” x 8-1/2”). It is updated 
and reissued on the FAA’s 56-day cycle. 
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ELECTRONIC FLIGHT PUBLICATIONS 

You can access a variety of flight information by using a modem-equipped personal 
computer and the appropriate software or Internet service. The government uses elec- 
tronic bulletin boards and world wide 
web sites to make flight publications and 
information updates more readily acces- 
sible to the general aviation community. 
For example, the FAA Home Page con- 
tains information on various aviation 
subjects and links to other home pages, | 
such as FedWorld Information Network. | M e 
Through FedWorld, you can access and 
order government publications, such as 
advisory circulars, FARs, practical test 
standards, and the Federal Register. 
[Figure 3-28] 


Figure 3-28. You can access the FAA Home 
Page at http://www.faa.gov. 


SUMMARY GHECKLIST 


Y A visual runway normally is marked only with the runway number and a dashed 
white centerline. It may include additional markings for specific operations. A run- 
way used for instrument approaches has additional markings, such as threshold 
markings, touchdown zone markings, aiming point markings, and side stripes. 


Y Additional markings for displaced thresholds include taxi, takeoff, and rollout 
areas, as well as blastpad/stopway areas. Closed runways and taxiways may be 
marked by Xs at some airports. 


V Hold lines keep aircraft clear of the runways, and at controlled airports, serve as 


the point that separates the responsibilities of ground control from those of the 
tower. 


V There are six basic types of airport signs — mandatory, location, direction, desti- 
nation, information, and runway distance remaining. 


v A variety of lighting systems, including approach light systems, sequenced flash- 
ing lights, runway alignment indicator lights, and runway end identifier lights are 


used at airports to aid the pilot in identifying the airport environment, particularly 
at night and in low visibility conditions. 


Various visual glide slope indicators, such as the visual approach slope indicator 


(VASD, precision approach slope indicator (PAPI), and tri-color VASI help pilots 
establish and maintain a safe descent path to the runway. 


Runway and taxiway lighting are installed at some airports to assist you in landing 
and taxing at night or during low visibility conditions. This lighting can consist of 
runway edge lights, threshold lights, displaced threshold lights, touchdown zone 
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lights, runway centerline lights, taxiway lead-off lights, taxiway centerline lights, 
and taxiway edge lights. 


Y Pilot-controlled lighting is the term used to describe systems that you can activate 
by keying the aircraft’s microphone on a specified radio frequency. 


Y While operating in controlled airspace (Class A, Class B, Class C, Class D, and Class 
E), you are subject to certain operating rules, as well as pilot qualification and air- 
craft equipment requirements. In addition, specific VFR weather minimums apply 
to each class of airspace. 


vV The FARs require that you have an operating transponder with Mode C capability 
when flying at or above 10,000 feet MSL, excluding the airspace at and below 2,500 
feet AGL. 


/ To operate within Class A airspace, you must be instrument-rated, your aircraft 
transponder-equipped, be operating under an IFR flight plan, and controlled by 
ALGI 


V Flight levels instead of MSL altitudes are used in Class A airspace. 
/ To operate in Class B airspace, you are required to obtain a clearance from ATC. 


v Prior to entering Class C airspace, you must establish two-way radio communica- 
tion with the ATC facility having jurisdiction and maintain it while you are oper- 
ating within the airspace. 


Y You must establish two-way radio communication with the tower prior to entering 
Class D airspace and maintain radio contact during all operations to, from, or on 
that airport. 


J Federal airways are normally 8 nautical miles wide, begin at 1,200 feet AGL and 
extend up to but not including 18,000 feet MSL. 


/“ A special VFR clearance must be obtained from ATC to operate within the surface 
areas of Class B, C, D, or E airspace when the ground visibility is less than 3 statute 
miles and the cloud ceiling is less than 1,000 feet AGL. 


/ Class G airspace typically extends from the surface to 700 or 1,200 feet AGL. In 
some areas, Class G extends from the surface to 14,500 feet MSL. ATC normally 
does not exercise control of air traffic in uncontrolled, or Class G airspace. 


/ Since the airspace at lower altitudes, and especially in the vicinity of airports, 
tends to be congested, the FAA has established aircraft speed limits. 


V Prohibited areas are established for security or other reasons associated with the 
national welfare and contain airspace within which the flight of aircraft is prohib- 
ited. 


/ Restricted areas often have invisible hazards to aircraft, such as artillery firing, aer- 
ial gunnery, or flight of guided missiles. You must obtain permission from the con- 
trolling agency to fly through a restricted area. An IFR clearance which takes you 
through a restricted area constitutes authorization to penetrate the airspace. 
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/ Warning areas extend from three nautical miles outward from the coast of the 
United States and contain activity which may be hazardous to nonparticipating air- 


craft. 


/ Alert areas may contain a high volume of pilot training or an unusual type of aerial 
activity. 


/ A military operations area (MOA) is a block of airspace in which military training 
and other military maneuvers are conducted. 


/ Activities within a controlled firing area are discontinued immediately when a 
spotter aircraft, radar, or ground lookout personnel determine an aircraft might be 
approaching the area. 


J Airport advisory areas extend 10 statute miles from airports where there is an FSS 
located on the field and no operating control tower. 


/ Generally, military training routes (MTRs) are established below 10,000 feet MSL 
for operations at speeds in excess of 250 knots. 


/ Temporary flight restrictions are imposed by the FAA to protect persons or prop- 
erty on the surface or in the air from a specific hazard or situation. 


/ Air defense identification zones (ADIZs) are established to facilitate early identifi- 
cation of aircraft in the vicinity of U.S. international airspace boundaries. 


V The Airport/Facility Directory contains a descriptive listing of all airports, heli- 
ports, and seaplane bases which are open to the public. 


vV The Aeronautical Information Manual (AIM) contains basic flight information, a 
detailed description of the National Airspace System, ATC procedures, and other 
items of special interest to pilots, such as medical facts and flight safety informa- 
tion. 


vV NOTAM(D)s are disseminated for all navigational facilities which are part of the 
National Airspace System, all public use airports, seaplane bases, and heliports 
listed in the A/FD. 


¥ NOTAM(L)s, which are locally distributed, contain information such as taxiway 
closures, personnel and equipment near or crossing runways, and airport rotating 
beacon and lighting aid outages. 


¥ FDC NOTAMs contain regulatory information such as temporary flight restrictions 


or amendments to standard instrument approach procedures and aeronautical 
chart revisions. 


4 Advisory circulars (ACs) provide nonregulatory guidance and information in a 
variety of subject areas. ACs also explain methods for complying with FARs. 


The International Flight Information Manual contains the requirements and 
instructions for flying outside of the United States. 


Jeppesen Information Services provide revisions for the Jeppesen AIM, Jeppesen 


FARs for Pilots, the Jeppesen Airport Directory, JeppGuide, and the GPS/LORAN 
Coordinate | Jirectory, . 
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Visual Runway 

Nonprecision Instrument Runway 
Precision Instrument Runway 
Taxiways 

Hold Lines 

Displaced Threshold 

Blast Pad/Stopway Area 
Demarcation Bar 


Land and Hold Short Operations 
(LAHSO) 


Sequenced Flashing Lights (SFL) 


Runway Alignment Indicator Lights 
(RAIL) 


Runway End Identifier Lights (REIL) 


Visuai Approach Slope Indicator 
(VASI) 


Pulsating Approach Slope Indicator 
(PEASI) 


Precision Approach Path Indicator 
(PAPI) 


Tri-Color VASI 

Runway Edge Lights 

Threshold Lights 

Displaced Threshold Lights 
Touchdown Zone Lighting (TDZL) 
Runway Centerline Lights (RCLS) 
Land and Hold Short Lights 
Taxiway Lead-Off Lights 

Taxiway Centerline Lights 
Taxiway Edge Lights 
Pilot-Controlled Lighting 


Class A Airspace 


SECTIONA Wo 


Class B Airspace 

Class C Airspace 

Class D Airspace 

Class E Airspace 

Special VFR Clearance 

Class G Airspace 

Prohibited Area 

Restricted Area 

Warning Area 

Alert Area 

Military Operations Area (MOA) 
Controlled Firing Area 

National Security Area 

Airport Advisory Area 

Military Training Route (MTR) 
Parachute Jump Aircraft Area 
Temporary Flight Restrictions 
Terminal Radar Service Area (TRSA) 


Air Defense Identification Zone 
(ADIZ) 


Defense VFR 
Airport/Facility Directory (A/FD) 


Aeronautical Information Manual 
(AIM) 


Notices to Airmen 
NOTAM(D) 
NOTAM(L) 

FDC NOTAM 


International Flight Information 
Manual 


Advisory Circulars (ACs) 


Jeppesen Information Services 
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QUESTIONS 


For questions 1 through 5, match the lettered callouts in the accompanying illustration 
to identify the appropriate runway markings. 


1. Side stripe 


2. Threshold markings 

3. Runway centerline 

4. Aiming point marking 

5. Touchdown zone marking 


6. True/False. Runway holding position signs are black with yellow inscriptions and 
yellow borders. 


7. Name the high intensity white strobe lights located laterally, one on each side of 
the runway threshold. 


A. Sequenced flashing lights 
B. Runway alignment indicator lights 


C. Runway end identifier lights 


For questions 8 through 11, match each illustration to the correct glide slope description. 


Fà 
qr" OFEN @ 


* 


ooo 


8. VASI, on glide path 


9. PAPI, slightly low 
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10. PAPI, on glide path 
11. VASI, high 


12. As you approach for landing, what color are the runway threshold lights? What 
color are they when departing the runway? 


13. How many feet of runway remain when the centerline lights change from white to 
alternating red and white lights? 


14. What is indicated when the airport beacon is illuminated during daylight hours? 


15. Excluding the airspace at and below 2,500 feet AGL, transponders with altitude 
encoding capability are required in all airspace (controlled or uncontrolled) of the 
contiguous 48 states and the District of Columbia at and above what altitude? 


A. 10,000 feet AGL 
B. 10,000 feet MSL 
C. 14,500 feet MSL 


16. What are the dimensions of Class A airspace? 


For questions 17 through 23, match the type of airspace with the appropriate description. 
A. Federal Airways B.ClassB C, ClassC D. ClassD E. Class E F. Class G 
17. That portion of the airspace within which ATC does not control air traffic 


18. Airspace at and above 14,500 feet MSL over the 48 contiguous states, District of 
Columbia, and Alaska east of 160° west longitude, but not including the airspace 
within 1,500 feet of the surface 


19. An airspace segment that is normally 8 nautical miles wide and extends from 1,200 
feet AGL (or in some cases higher) up to but not including 18,000 feet MSL 


20. Circular airspace segments around airport, plus any extensions necessary to 
include instrument approach and departure paths, that extend upward from the 
surface to a vertical limit, charted in hundreds of feet MSL 


21. Airspace within which equipment requirements include an operable VOR (for IFR 
operations), two-way radio capable of communicating with ATC, and a 4096-code 
transponder with Mode C automatic altitude reporting 


22. Airspace generally consisting of circular areas extending to 4,000 feet above the 
primary airport where the shelf area has a radius of 10 nautical miles, the core area 
has a radius of 5 nautical miles, and two-way radio communication is required 


23. Airspace outside Class B or Class C airspace which normally extends from the sur- 
face up to 2,500 feet above the elevation of the airport and having charted, but pos- 
sibly irregular, lateral dimensions at which a control tower is operating 


24. What is the maximum indicated aircraft speed limit (in knots) below 2,500 feet 
when within 4 nautical miles of the primary airport of a Class C airspace area? 


25. True/False. Military training route flights are generally limited to operations 
under VFR. 
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Refer to the Airport/Facility Directory excerpt to answer questions 26 through 30. 


26. 


27. 


28. 


29 


30. 


31. 


32. 


33. 


NORTH PLATTE REGIONAL AIRPORT LEE BIRD FLO (er) 3€ UtC=6(~50T) OMAHA 


H=10, L—19A 


N41°O7.56' W100°41.23' > 


2776 B 84 FUEL 100LL, JETA OX4 ARFF Index Ltd, 
RWY 12L-30R: HBOOOX180 (CONC~GRVD)  §-75.0~110, 07-190 HIRL 
RWY 12L: VASIIV4LJ--GA 3.0° TCH 85’. RAWY 30R: MALSR. Rgt tte. 
RWY 12R-30L: 4925X100 (ASPH) $-42, D-58, DT-106 MIRL 
RWY 12R: Rgt tfe. RWY 30t: Tree. 
RWY 17-35: H4436X100 (ASPH) S-28, 0-48, DT-86  MIRL 
RWY 17: Road. RWY 35: REIL. VASI(V4L}—GA 3.0° TCH 414', Thid depicd 234 . Berm, 
AIRPORT REMARKS: Attended 1200-05002 $. 5 foot dike 100' from approach end Rwy 35, Waterfowl and deer an and 
in the vicinity of the arpt. PPR 24 hours for unscheduled sir carriar ops with more than 30 passenger seats call 
arpt manager 308-532-1900, ACTIVATE HIRL Rwy 12L-30R, MIRL Rwy 17-45, VASI Rwy 126 and Rwy 35, 
MALSR Rwy 36R and REIL Rwy 35-=CTAF, For MIRL Rwy 12R-304 cte arpt manager 308-532-1900. 
WEATHER DATA SOURCES: ASOS 116.425 (308) 44-1617, 
COMMUNICATIONS: CTAF/UMICOM 123.0 
COLUMBUS FSS (OLU) TF 1-806-WK-BRIEF, NOTAM FILE LBF. 
LEE SIRO REO 122.5 (COLUMBUS F55) 
® DENVER CEMTER APP/DEP CON 132.7 CLA DEL 132.7 
RADIO AIDS TO NAVIGATION, NOTAM FILE LBF. 
(L) VORTACW 117.4 LBF Chan 4121 N41°02,92’ W100°44.83' 019°5 4 NM to fld. 3050/11E. 
PAMBE NOB (LOM) 416 LBE = N41°O4,10' W100°34.38' 295° 6.3 NM to fld. Unmonitored. 
WS$114.6 -LBF Rwy 3O0R LOM PANBE NDS. LOM and MM unmonitored. 


Í [{—— 


In December, what are the hours (in local time) when the airport is attended? 
What type of approach lighting system is installed on Runway 30R? 
How far is the threshold displaced on Runway 35? 


What is the name of the approach/departure control facility that serves North Platte 
Regional Airport Lee Bird Field? 


What is the frequency and identification for the ILS approach? 


Select the information which you can obtain by referencing the Aeronautical 
Information Manual (AIM). 


A. The official text of regulations issued by the agencies of the Federal govern- 
ment 

B. ATC procedures, a description of the airspace system, and flight safety infor- 
mation 

C. Information regarding specific airports, including runway lengths, communi- 
cation frequencies, and airport services 


Explain the differences between NOTAM(L)s, NOTAM(D)s, and FDC NOTAMs. 


What is the primary source document for identifying and ordering advisory circu- 
lars? 


AIR TRAFFIC 
CONTROL SYSTEM 


To operate efficiently within the IFR environment, it is important that you understand 
the air traffic control (ATC) system. In a broad sense, the ATC system may be thought of 
as a network of radar and nonradar facilities that provides nationwide traffic separation 
during all phases of IFR flight. These facilities include the air route traffic control cen- 
ters, approach and departure controls, contro] towers, ground controls, and clearance 
deliveries. An air route traffic control center is the main ATC facility for enroute opera- 
tions while the others operate in the terminal area. 


AIR ROUTE TRAFFIC 
CONTROL CENTER 


The facilities which provide air traffic control service to aircraft operating on IFR flight 
plans in controlled airspace are the air route traffic control centers (ARTCCs). They are 
also the central authority for issuing IFR clearances, and they provide nationwide moni- 
toring of each IFR flight, primarily during the enroute phase. Each ARTCC (center), due 
to its size, is divided into sectors. Each sector is manned by one or more controllers, who 
maintain lateral and vertical separation of aircraft within its airspace boundaries. In addi- 
tion, they coordinate traffic arriving aud departing their assigned areas. Frequently, sec- 
tors are further stratified by altitude. For example, there may be low altitude sectors that 
extend from the floor of controlled airspace to altitudes of 18,000 to 24,000 feet MSL. 
Above these levels, one or more high altitude sectors may be established. [Figure 3-29] 


Figure 3-29. The dashed lines por- 
tray the various ARTCC boundaries 
within the United States, while the 
dots indicate the physical location of 
each center. Appropriate radar and 
communication sites are connected 
to the centers by microwave links and 
telephone lines. 


ARTCC TRAFFIC SEPARATION 


Although the ATC system provides numerous services, among the highest priorities is 
the safe separation of known IFR traffic and the issuance of safety alerts. Separation of 
aircraft operating under VFR is conducted on a workload-permitting basis. There are 
many methods of traffic separation, but the elimination of traffic conflicts actually 


begins when you file your IFR flight plan. 
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PROCESSING THE IFR FLIGHT PLAN 

Prior to departure from within or prior to entering controlled airspace, you mus 
a complete flight plan and receive an ATC clearance if weather conditions are below 
VFR minimums. Instrument flight plans can be submitted to the nearest flight service 
station (FSS) or air traffic control tower either in person, by telephone, or by radio if no 
other means are available. You can also file domestic VFR and IFR flight plans through 
a DUATS provider. Once your flight plan is filed, it is processed by the center in which 
the flight originates. This processing begins when the flight plan is entered into the cen- 
ter’s computer, where it is scanned for preferred routes. The route is then analyzed by 
ATC controllers for any restrictions that may be in effect, such as traffic conflicts, inop- 
erable navaids, special use airspace penetration, known or projected delays, and flow 
control restrictions. Due to the time it takes to check these variables, you should plan to 
file your IFR flight plan at least 30 minutes prior to your intended departure time. 


t submit 


Once your flight plan has been processed, a clearance will be available when the appro- 
priate facility at your departure airport requests it. In addition, after the route is final- 
ized, it is sent to the various centers covering your flight via the nationwide ARTCC 
computer system. Your flight data is then printed out approximately 30 to 45 minutes 
prior to your entry into that center’s airspace. This provides the controller with time to 


Flow Control Restrictions 


Flow control was originally implemented to help regulate traffic at busy airports during the 1981 air traffic controller's 
i strike. It is now an integral part of the National Airspace System, and is managed by the Air Traffic Control System 
Command Center (ATCSCC). 


Each airport has an arrival rate which is determined by ATC 
personnel located on the airport. Depending on many factors 
such as the number of runways, instrument approaches, 
weather conditions, etc., the rate may be over a hundred air- 
craft per hour. However, this number could drop to just a few 
during bad weather conditions. ATCSCC takes a look at the 
anticipated number of 
aircraft expected to 
land during a specific 
time frame. (This 
number includes the 
aircraft enroute and 
those on the ground 


m 


awaiting departure.) : Sigg aoe Ro Dept of Aviation 
| ag humo or E a = i A per 
arriving aircraft is less pesto — pn eae 


than the anticipated 
number, there is no 
problem. However, if 
there are more 
aircraft inbound than 
the arrival rate allows, 
the aircraft either have 


to hold or divert to an alternate. This is not a good thing. Instead, ATCSCC will issue EDCT 
This means that aircraft still on the ground will be held on the ground unti! they can be wor 
are being held on the ground at an airport where the sun is shinning, 
pating more arrivals than it can handle. 


s (expect departure clearance times). 
ked into the system. So next time you 
it is probably due to the fact that your destination is antici- 
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analyze your flight for any of the above mentioned restrictions and amend your clear- 
ance, if necessary. 


When you are departing an airport with an operating control tower, you normally 
request your clearance through ground control or, if appropriate, clearance delivery. If 
you are departing an airport served only by a flight service station, the FSS will request 
your clearance and forward it to you before your departure. In the event you are depart- 
ing an airport without an ATC or FSS facility on the field, you may request your clear- 
ance by contacting the local FSS by telephone prior to departure. If necessary, you can 
obtain your clearance after departing VFR, if weather conditions permit. In this situa- 
tion, you could contact the ARTCC sector where your flight originated, or you could 
request your clearance from the local FSS. 


To prevent computer saturation, most centers will delete an IFR flight plan a minimum 
of one hour after the proposed departure time. To ensure your flight plan remains active, 
advise ATC of your revised departure time if you will be delayed one hour or more. 


Free Flight 


Most IFR flights are currently confined to airways established between navaids. This usually means that your route 
becomes a zigzag course instead of a straight line. Free flight is a concept that would allow you the same type of free- 
dom you have during a VFR flight. Instead of a National Airspace System that is rigid in design, pilots would be allowed to choose 
their own routes, or even change routes and altitudes at will to avoid icing, turbulence, or even to take advantage of winds aloft. 
Complicated clearances would become unnecessary. However, flight plans would still be required for traffic planning purposes and 
as a fall-back in the event of lost communication. 


Free flight will be possible with the use of advanced avionics, such as GPS navigation and datalinks between your aircraft, other 
aircraft, and controllers. Separation would be maintained by establishing two airspace zones around each aircraft. The protected 
zone, which is the one closest to the aircraft, can never meet the protected zone of another aircraft. The alert zone extends well 
beyond the protected zone, and aircraft can maneuver freely until alert zones touch. If alert zones do touch, a controller may pro- 
vide the pilots with course suggestions, or onboard traffic displays may be used to resolve the conflict. The size of the zones will be 
based on the aircrafts speed, performance, and equipment. 


a ' 


eaman u 


Sound like science fiction? Free flight implementation is already underway, and a full-blown 
test system is expected to be operational by 2001 in Alaska, Hawaii, and part of the Pacific 
Ocean, using about 2,000 aircraft. Full implementation is projected to take about 20 years. 
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ENROUTE IFR TRAFFIC SEPARATION l 

During the enroute phase of the IFR flight, certain situations may require 
to amend your clearance so adequate separation is maintained between aircratt. An 
these are deviations due to weather, unplanned pilot requests, flow control restrictions, 
and aircraft emergencies. If required, the controller will employ various techniques to 
ensure adequate separation standards. Some of the most common of these include route 
changes, radar vectoring, altitude crossing restrictions for navaids and intersections, alti- 


tude changes, and speed adjustments. 


the controller 
aft. Among 


Speed adjustments are most commonly used during the arrival phase of a flight. For 
example, ATC may advise you to “reduce speed to 100” as you near your destination. 
This means ATC has requested you to 
decrease your indicated airspeed to 100 knots 
and to maintain that speed within 10 knots. 


PILOT 

RESPONSIBILITIES 

Although ATC has strict requirements with 
regard to the separation of IFR aircraft, keep in mind there are certain pilot responsibili- 
ties as well. For example, you must know the requirements for IFR flight, and you must 
know when an IFR clearance is required. Regulations state that you may not act as pilot 
in command of a flight conducted under IFR unless you hold an instrument rating and 
meet the recency of experience requirements for instrument flight as specified under 
FAR Part 61. In addition, your aircraft must meet the equipment and inspection require- 
ments of FAR Part 91. If weather conditions are below VFR minimums, you must file an 
IFR flight plan and obtain an IFR clearance before departing from within, or prior to 
entering controlled airspace. 


ADDITIONAL ARTGG SERVICES 


In addition to separation of all IFR traffic, ARTCCs provide other safety-related services. 7 
These services include separating IFR aircraft from other traffic known to the controller, 
weather information, safety alerts, and emergency assistance. 


SEPARATION FROM OTHER TRAFFIC 

ATC’s first priority is the separation of all IFR aircraft from one another. However, if 
workload permits, the controller may advise you of VFR aircraft which might affect your 
flight. It is important for you to realize the controller is not obligated to provide traffic 
advisory service. In addition, some aircraft in your area may not appear on the con- 
troller’s radar display. For this reason, FARs require every pilot to see and avoid other 
aircraft whenever possible, even when they are operated under positive radar control, as 
in Class B airspace. When you are operating under IFR in VFR conditions, you must con- 
tinually search for all other aircraft, regardless of the radar service being provided. 


WEATHER INFORMATION 


Although providing weather information is of lower priority than the separation of IFR 
traffic, center controllers will make every effort to update you on current conditions 
along your route of flight. ARTCCs are phasing in computer-generated digital radar dis- 
plays. This system provides the controller with two distinct levels of weather intensity 


by assigning radar display symbols for specific precipitation densities. To the extent pos- 
sible, controllers will issue on request, perti- 


nent information on significant weather areas 
and assist you in avoiding such areas. Keep in 
mind that frequency congestion and limita- 
tions of ATC radar may affect the controller’s 
ability to provide this type of service. 
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To ensure that timely weather information is available, each center has a meteorologist 
who monitors the weather within the airspace of that center. One of the tools the center 
meteorologist uses for providing real-time weather is a network of radar sites for detect- 
ing coverage, intensity, and movement of precipitation. The network is supplemented by 
FAA and Department of Defense radar sites in the western sections of the country. Local 
warning radar sites augment the network by operating on an as needed basis to support 
warning and forecast programs. When appropriate, weather information is distributed to 
each controller and to other facilities. If the center meteorologist finds it necessary, a 
center weather advisory (CWA) is issued. This report is used to alert pilots to existing or 
forecast adverse weather conditions that may affect terminal or enroute operations. These 
reports may later be issued as part of an in-flight advisory. A CWA is passed to the sector 
controllers who broadcast the information to all affected aircraft. The center weather 
advisory is an important subject and will be discussed in more detail in Chapter 9. 


SAFETY ALERTS 


A safety alert will be issued by a center controller when it becomes apparent that your 
flight is in unsafe proximity to terrain, obstructions, or other aircraft. A terrain or 
obstruction alert is issued when your Mode C altitude readout indicates your flight is 
below the published minimum safe altitude for that area. In general, you will be 
requested to check your altitude immediately. The controller will then provide the min- 
imum altitude required in your area of flight. [Figure 3-30] 


k SA I ; 4 l2. — Flashing LOW ALT 
— LOW ALT — above data block 


N2HL indicates low-altitude 
068 17 alert. 


Figure 3-30. Based on the Mode C 
information provided by this air- 
craft’s transponder, the computer 
has determined the aircraft is below 
the minimum safe altitude for this 
area. This is called a minimum safe 
altitude warning (MSAW). The flash- 
ing LOW ALT alerts the controller to 
this potential danger; the controller, 
in turn, alerts the pilot. 


The second type of safety alert is called an aircraft conflict alert. This service is pro- 
vided when the controller determines that the minimum separation between an air- 
craft being controlled and another aircraft could be compromised. If a conflict alert is 
issued to you, the controller will advise you of the position of the other aircraft and a 
possible alternate course of action. Keep in mind that for either of these alert services 
to be available, your aircraft must be under radar control and your Mode C transpon- 
der must be fully operational. Both types of safety alerts may also be issued by termi- 


nal radar facilities. 


greer 
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EMERGENCY ASSISTANCE 
One advantage of IFR flight is the continual radio contact wit 
out most of the United States, your flight is continuously in radar contact. 
arises, ATC is immediately available to render a wide variety of services, from simply 
clearing conflicting traffic to providing radar vectors and, if required, a radar approach to 
the nearest suitable airport. If a serious situation requiring an immediate landing devel- 
ops, ATC will alert search and rescue (SAR) agencies in the area. [Figure 3-31] 


h ATC. In addition, through- 
If a problem 


Figure 3-31. This map repre- 
sents the air route surveil- 
lance radar (ARSR) sites 
used by ARTCC to monitor 
enroute operations. Except 
for areas where radar signals 
are blocked by terrain, radar 
coverage extends throughout 
the contiguous United States. 
Since new sites are being 
commissioned and old sites 
decommissioned, this map is 
constantly changing. 


TERMINAL FACILITIES 


Within the air traffic control system, each terminal facility is closely linked with the associated 
ARTCC to integrate the flow of IFR departures and arrivals. Terminal services include ATIS, 
ground control, clearance delivery, control tower, approach and departure control, and FSS. 


ATIS 


At busy airports, airport advisory information is provided by automatic terminal infor- 
mation service (ATIS). This continuous, recorded broadcast of noncontrol information 
helps to improve controller effectiveness and to reduce frequency congestion. At larger 
airports, there may be one ATIS frequency for departing aircraft and another one for 
arriving aircraft. ATIS is updated whenever any official weather is received, regardless 
of content change. It is also updated whenever airport conditions change. When a new 
ATIS is broadcast, it is changed to the next letter of the phonetic alphabet, such as 
Information Bravo or Information Charlie 
and so on. [Figure 3-32] 


CLEARANCE 
DELIVERY 


In order to relieve congestion on the ground 
control frequency at busier airports, a discrete 
clearance delivery frequency may be pro- 
vided. This facility allows you to receive an 
IFR clearance prior to contacting ground con- 
trol for taxi. Additionally, this service may be 
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Following the airport name and ATIS phonetic Centennial Airport Information Tango, 1655 Zulu 
letter identifier, the broadcast will state the weather, 
time of the current weather report, 


magnetic wind direction and velocity, wind 070 at 12, 

visibility, obstructions to visibility, and visibility 2 light snow and mist, ceiling 1,200 broken, 
ceiling/sky condition, 2,000 overcast, 

temperature and dewpoint (if available), temperature 0, dewpoint 0, 

and altimeter setting. altimeter 29.74. 


Next, the instrument approach and runways in ILS Runway 35 Right is in use landing and departing 
g use aré indicated. Runway 35 Right. 


he ATIS- broadéast also contains any "d r Pilot weather reports; bases 7,200 during approach 
> ee ‘Temarks mk to operations on, and departure, light rime icing encountered between ` 
the *-7,000:and 9,000 feet by a King Air and a Learjet. A 
“Boeing 727, 8 miles west of Denver, encountered 
light rime icing below 9,000 feet. All services, 
including taxi and IFR clearance available on the 
tower frequency 118.9. 


Advise on initial contact you have Information Tango. 


Figure 3-32. If the cloud ceiling is above 5,000 feet AGL and the visibility is more than 5 statute miles, 
inclusion of the ceiling/sky condition, visibility, and obstructions to vision in an ATIS message is optional. 


used by VFR pilots to receive an ATC clearance when departing an airport within Class B 
or Class C airspace. Clearance delivery can also be used to receive a departure control fre- 
quency and transponder code when departing an airport with a radar departure control. 


CONTROL TOWER 


Towers are responsible for the safe, orderly, and expeditious flow of all traffic which is 
landing, taking off, operating on and in the vicinity of an airport, and when the respon- 
sibility has been delegated, towers can also provide for the separation of IFR aircraft in 
terminal areas. When a control tower is operational, you are required to obtain a clear- 
ance prior to operating in a movement area. This clearance can be from ground control 
or the tower operator. Movement areas are defined as runways, taxiways, and other 
areas which are used for taxiing, takeoffs, and landings, exclusive of loading ramps 
and parking areas. Ground control, when available, usually issues clearances for areas 
other than the active runway. When com- 
municating with ground control or the 
tower, make sure they are aware of your 
position on the airport. One such position 
report which you are required to make is 
when your are ready for takeoff from a 
runway intersection. 


Aircraft that are departing IFR are integrated into the departure sequence by the tower. 
Prior to takeoff, the tower controller coordinates with departure control to assure ade- 
quate aircraft spacing. After takeoff, you are 
required to remain on the tower frequency 
until you are instructed to contact departure 
control. Within Class D airspace, pilots of 
VFR aircraft are required to remain on the 
tower’s frequency unless directed otherwise. 
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When arriving IFR at a controlled airport, you are sequenced by approach control for 
spacing and then advised to contact the tower for landing clearance. The tower con- 
troller will issue your landing clearance which may include wind direction, wind veloc- 
ity, current visibility and, if appropriate, special instructions. This information may be 
omitted at an airport served by ATIS. If you are arriving VFR, you should contact the 
tower approximately 15 miles from the airport. 


APPROACH AND DEPARTURE 
CONTROL 


Approach and departure control coordinate very closely with the ARTCC to integrate 
arrival traffic from the enroute stage to the terminal area, and transition departure traffic 
to the enroute phase. In addition to coordinating IFR traffic, radar-equipped terminal 
areas also provide optional radar service to VFR aircraft. These services are designated 
as either basic or TRSA (terminal radar service area) service. In addition, radar service, 
called Class B or Class C service, is provided to all aircraft operating within Class B or C 
airspace areas. 


IT CAN HAPPEN TO ANYONE 


Next time you think that you are invincible and that ATC will never allow your aircraft to get close to another, just 
remember that it can happen to anyone, even Air Force One. Flying west of Washington National Airport, Air Force 
One was heading west and climbing through 7,500 feet MSL. An MD-88 commercial flight was also west inbound to Washington 
Nationa! on an easterly heading. A 737 commercial flight was southwest of the airport descending from 8,500 feet MSL and cir- 
cling away from the airport for spacing. Controllers turned Air Force One to the southwest to ensure separation from the MD-88. 
However, the turn placed Air Force one in the vicinity of the 737. It was determined that Air Force One and the 737 were sepa- 
rated at their closest point by 900 feet and a little over 2 miles. 


While this incident was resolved quickly, the established separation of 3 nautical miles and 1,000 feet in a terminal area was pen- 
etrated. Therefore, when flying under IFR conditions, you should always listen to what is happening with other traffic and visualize 
where you are in relation to them. If you ever have a concern that you are being vectored into an area near another aircraft, 
express your concern to the controller. 


RADAR SERVICE FOR VFR AIRCRAFT 


Basic radar service provides safety alerts, traffic advisories, limited vectoring, and 
sequencing at certain locations. When you are approaching an airport for landing, you 
should contact approach control and state your position, altitude, aircraft call sign, type 
of aircraft, radar beacon code, and destination. Approach control will issue wind and 
runway information, except when you state “have numbers,” or indicate you have the 
current ATIS information. For sequencing service, contact approach control when you 
are approximately 25 miles from the airport. At airports within a terminal radar service 
area (TRSA), air traffic controllers provide TRSA service which includes radar vector- 
ing, sequencing, and separation for all IFR and participating VFR aircraft. 


Use of basic and TRSA radar service is not mandatory for VFR operations, but pilot par- 
ticipation is strongly urged. Participation does not relieve you of your responsibilities 
regarding terrain/obstruction clearance, vortex exposure, and to see and avoid other air- 
craft when operating under VFR. In addition, an ATC instruction to follow a precedin 

aircraft does not authorize you to comply with any ATC clearance or instruction ea 
to the preceding aircraft. A clearance issued by the radar controller which will cause you 
to violate a rule, such as entering a cloud under VFR, must be declined. In this N 
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you should advise the controller of your inability to comply with the issued clearance 
and request a revised clearance or instruction. 


CLASS C SERVICE AREAS 

Class C airspace areas are established by regulation at locations where traffic conditions 
warrant. Participation in Class C radar service is mandatory. You are not permitted to oper- 
ate within Class C airspace unless you have established two-way radio communication 
with the ATC facility having jurisdiction 
over the area. In addition, you must main- 
tain radio contact while operating within its 
limits. You can expect ATC to provide 
sequencing of all arriving aircraft to the pri- 
mary airport. ATC also provides separation 
between IFR and VFR aircraft, traffic advi- 
sories, and safety alerts, if appropriate. 


; ry Departure control provides separation of all 
Rè | aircraft within a Class C airspace area. 


CLASS B SERVICE AREAS 

Class B airspace areas are established to accommodate arrivals and departures at the nation’s 
busiest terminal areas. Since you may not operate within Class B airspace unless you obtain 
a specific ATC clearance, participation in Class B radar service is mandatory. Besides the 
basic radar services, Class B service provides separation of aircraft based on whether the 
flight is IFR or VFR, and/or on aircraft weight criteria. More space is required behind heavy 
aircraft. Sequencing of all arriving aircraft is also provided with Class B service. 


TRAFFIC ADVISORIES 

No matter what type of ATC radar facility you work with, controllers follow certain con- 
ventions when calling traffic to your attention. Normally, you are told the position 
(azimuth) of the traffic relative to your aircraft, its distance in nautical miles, its direc- 
tion of movement, the type of aircraft, and its altitude, if known. When calling out traf- 
fic, controllers describe the position of the traffic in terms of the 12-hour clock. For 
example, “traffic at 3 o'clock” indicates the aircraft lies off your right wing. Keep in 
mind that the issuance of traffic information is based on the observation of your ground 
track and the position of the traffic. [Figure 3-33] 


Figure 3-33. A radarscope 
cannot account for the 
amount of wind correction 
you may be using to main- 
Heading tain your track over the 
ground. Since the controller 
is unable to determine your 
actual heading, you must 
adjust the traffic callout for 
any wind correction angle 
you may be using. In this 
example, the controller 
advises you about traffic at 
your 11 o’clock position, but 
your wind correction angle 
places it closer to your 10 
o’clock position. 


"Cessna 58R, traffic at 
11 o@clock, two miles, $ 
southbound.” 


As shown in figure 3-33, you should look 
rt) : for traffic based on your ground track, not 


your heading. 
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FLIGHT SERVICE STATIONS 

Flight service stations (FSSs) at selected locations also provide a number of essential func- 
tions for both IFR and VFR aircraft. In addition to conducting weather briefings and han- 
dling flight plans, they also provide local airport advisory (LAA). This service is provided 
by an FSS that is located on an airport which does not have a control tower or where the 
tower operates on a part-time basis. At these locations, the FSS provides official weather 
information, and also relays clearances from ATC. When inbound under VFR, you should 
report when you are approximately 10 miles from the airport and provide your altitude 
and aircraft type. Also, state your location 
relative to the airport, whether landing or 
Local airport advisories are provided by overflying, and request a local airport advi- 
P» flight service at FSS airports not served by sory. Departing aircraft should state the air- 
ae an operating control tower. con craft type, full identification number, type 
of flight (VFR or IFR), and the planned des- 

tination or direction of flight. 


While LAA is useful, you should be aware that airport advisory areas and the associated 
services have been reduced as automated flight service stations have replaced nonauto- 
mated facilities. Information on the availability of LAA is published on sectional charts 
and in the Airport/Facility Directory. 


> _ Air Traffic Control System 


While the numbers are constantly changing, it takes a con- 

, certed effort of many people to handle the task of managing 
millions of flight operations. 
The FAA employs approxi- 
mately 17,000 controllers 
and 7,800 field maintenance 
personnel to operate 20 
contiguous U.S. air route 
traffic control centers, 200 
terminal radar approach 
control facilities 
(TRACONSs), 500 airport 
traffic control towers, and 
100 flight service 

stations. 
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The air traffic control (ATC) system consists of enroute and terminal facilities. The 
main enroute facility is air route traffic control center (ARTCC), while approach 


and departure control, the control tower, ground control, and clearance delivery 
are terminal facilities. 


Two of ATC’s priorities are the separation of known IFR traffic and the issuance of 
safety alerts. 


IFR flight plans should be filed at least 30 minutes before departure. 
Flight plans are processed by the ARTCC in which the flight originates. 


IFR flight plans are usually deleted from the ARTCC computer if they are not acti- 
vated within one hour of the proposed departure time. 


Due to weather, unplanned pilot requests, flow control restrictions, etc., controllers 
may alter your clearance to maintain proper aircraft separation. 


Regardless of whether operating under VFR or IFR, it is the pilot’s responsibility to 
see and avoid other aircraft whenever weather conditions permit. 


If adverse weather exists or is forecast, an on-site meteorologist at the ARTCC may 
issue a center weather advisory (CWA). 


A safety alert is issued when in the controller’s judgment, an aircraft is in unsafe 
proximity to terrain, an obstruction, or another aircraft. 


To improve controlier effectiveness and to reduce frequency congestion, automatic 
terminal information service (ATIS) is available in selected high activity terminal 
areas. 


To relieve congestion on ground control frequencies, clearance delivery is used for 
ATC clearances at busier airports. 


Control towers are responsible for the safe, orderly, and expeditious flow of all traf- 
fic operating on and in the vicinity of an airport. 


At airports with an operating control tower, you are required to obtain a clearance 
before operating in a movement area, which is defined as an area on the airport, 
other than a parking area and loading ramp, used for taxiing, takeoff, and landing. 


During a takeoff in IFR conditions, contact departure control only after you are 
advised to do so by the tower controller. 


Terminal radar service for VFR aircraft includes basic radar service, terminal radar 
service area (TRSA) service, Class C service, and Class B service. 


Basic radar service for VFR aircraft includes safety alerts, traffic advisories, and 
limited radar vectoring. Sequencing also is available at certain terminal locations. 


Traffic advisories from ATC are based on your aircraft’s actual ground track, not on 
your aircraft’s heading. 


A local airport advisory (LAA) is provided by flight service at FSS airports not 
served by an operating control tower, or when the tower is closed. 
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KEY TERMS 


Air Traffic Control (ATC) 


Air Route Traffic Control Center (ARTCC) 
Center Weather Advisory (CWA) 

Terrain or Obstruction Alert 

Aircraft Conflict Alert 

Movement Areas 

Basic Radar Service 

TRSA Service 


Local Airport Advisory (LAA) 


QUESTIONS 


1. Air traffic control centers (ARTCCs) were established to provide air traffic control 
service to aircraft operating on what type of flight plan? 


A. IFR 
B. VFR 
C. both IFR and VFR 


2. What are the two highest priorities of the air traffic control system? 


3. Within a given area, what facility is the central authority for processing an IFR 
flight plan? 


A. Flight service station 
B. Air traffic control tower 
C. Air route traffic control center 


4. At least how many minutes prior to your planned departure should you file your 
IFR flight plan? 


5. True/False. As a general rule, you cannot obtain an IFR clearance through a flight 
service station. 


6. IFR flight plans filed in the ARTCC computer are usually deleted if they are not 
activated within what time period? 


A. 30 minutes 
B. 1 hour 
C. 2 hours 


7. What facility issues center weather advisories? 


A. The nearest flight service station 
B. A national weather service office 
(CG. Ain ARINGE 
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8. When does ATC issue a safety alert? 


SECTION B 


9. What is the name of the facility that allows you to receive an IFR clearance before 


you contact ground control for taxi? 


For questions 10 through 16, match the ATC facility or service with its description. 


10. 


ial. 


ee 


13. 


14. 


155, 


16. 


No 


18. 


19 


20. 


Relays IFR clearances to pilots departing 


uncontrolled airports 


Controls traffic on and in the vicinity of a 


controlled airport 


Transitions aircraft between the control 


tower and ARTCC 


Controls the surface movement on the air- 


port other than on the active runways 


Broadcasts a prerecorded message of air- 


port information 
Issues IFR clearances at large airports 


Controls all enroute IFR air traffic 


A. ATIS 

B, ARTCE 

C. Control Tower 

D. Ground Control 

E. Clearance Delivery 

F. Flight Service Station 


G. Approach/Departure Control 


Which services are included in basic radar service for VFR aircraft? 


A. Separation, limited radar vectoring, and traffic advisories 
B. Safety alerts, traffic advisories, sequencing, and separation 
C. Safety alerts, traffic advisories, and limited radar vectoring 


ATC gives you the following traffic 
advisory: “traffic 2 o’clock, 3 miles 
northbound.” Refer to the accompa- 
nying illustration. Which traffic posi- 
tion corresponds to the advisory? 


True/False. An ATC advisory, such as 
“traffic 2 o’clock, 3 miles northbound” 
is based on the position of that traffic 
relative to your aircraft’s true heading. 


If a control tower and a flight service 
station are on the same airport, what 
type of advisory service is provided 
by selected flight service stations 
when the tower is closed? 


| meee 
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An ATC clearance constitutes an authorization for you to proceed under a specified set of 
conditions within controlled airspace. It is the means by which ATC exercises its respon- 
sibility to provide separation between aircraft. It is not, however, an authorization for you 
to deviate from any regulation or minimum altitude, nor to conduct unsafe operations. 


PILOT RESPONSIBILITIES 


When ATC issues a clearance, regulations specify that you are not to deviate from it, 
except in an emergency, unless an amended clearance is received or unless complying 
with that clearance will cause you to violate a rule or regulation. Therefore, before you 
accept a clearance, you must determine if you can safely comply with that clearance. 
Points to consider include whether compli- 
ance will cause you to break the rules, such as 
being vectored into a cloud when you are 
operating under VFR, or to exceed the perfor- 
mance capabilities of yourself or your aircraft. = clouds, yot 
If, in your opinion, a clearance is unsafe or op and wer TC 
not appropriate, it is your responsibility to emi 

promptly request an amended clearance. bai 


If you find it necessary to deviate from a clearance due to an emergency, or compliance 

with the clearance would place your aircraft in jeopardy, you must notify ATC as soon as 

possible. This also includes a deviation in response to a traffic alert and collision avoid- 

ance system (TCAS) resolution advisory (RA). However, if you have to deviate, you 

should not disrupt existing traffic flow. In addition, if ATC gives your aircraft priority 

because of an emergency, you 

anm Tn mE pI pe may be requested to submit a 

You may not de aa lear written report within 48 hours to 

e ond 

unless you experience at papi cy the manager of that ATC facility. 

the es to violat 4 [Figure 3-34] 


a 
Bridle, you must notify ve +e 


FAR. If yo 
possible. 
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Figure 3-34. If you 
deviate from an ATC 
clearance, you must 
notify ATC as soon as 
possible. 


D . © « Climb! Climb! 
) FAR Part 91.123 authorizes deviations from an ATC clearance when responding to a traffic alert and collision avoid- 


ance system resolution advisory (TCAS RA). It also requires pilots to notify ATC as soon as possible if they deviate 
from a clearance in response to a TCAS RA. 


TCAS airborne equipment interrogates transponders of other aircraft which have entered monitored airspace. The size of the air- 
space area being monitored is established by the flight crew using various ranges on the TCAS equipment. By computer analysis 
of the replies, TCAS equipment determines which transponder-equipped aircraft are potential collision hazards and provides 
appropriate visual and oral advisory information to the flight crew. 


There are two types of TCAS systems. TCAS | is used primarily by corporate and commuter aircraft and TCAS II is used by com- 
mercial airliners. TCAS | only provides traffic advisories (TAs), to assist in the visual acquisition of intruder aircraft. There are no 
recommended avoidance maneuvers provided. TCAS II, on the other hand, provides traffic advisories (TAs) and resolution advi- 
sories (RAs). Resolution advisories provide recommended maneuvers in a vertical direction (climbs or descents only) to avoid 
conflicting traffic. When an RA occurs, the pilot should maneuver as indicated on the RA displays unless doing so would jeopar- 
dize the safe operation of the flight or unless the flight crew has definitive visua! acquisition of the aircraft causing the RA. 


A collision alert device, known as TCAD, has been developed for the general aviation environment. It is a passive system that 
receives all transponder replies in the local area and then presents the altitude and distance of targets within the designated moni- 
toring range. With a TCAD system, there is no bearing information. 


Traffic advisory (intruder aircraft is within 15 
to 30 seconds of a possible collision, or 
within .2 to .55 nautical miles and + 600 to 
800 feet of your aircraft). The 00 indicates 
intruder aircraft is at your altitude. 


<- Nonaltitude reporting intruder aircraft 
should be considered to be at the 
same altitude. 


Other traffic which does not fit the traffic or 
proximity advisory criteria but is within the 
range set on the unit. This example shows 
an aircraft greater than 4 nautical miles 
from you, 500 feet above you and 
descending at 500 f.p.m. or greater. 


Proximity advisory (intruder aircraft is 
within 4 nautical miles and + 1,200 
feet). Here intruder is 1,100 feet 
below you (-11) and climbing at a 
rate of 500 f.p.m. or greater as 
shown by the up trend arrow. 


Courtesy of BFGoodrich Avionics System, Inc. 
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SEE AND AVOID 


When meteorological conditions permit, regardless of the type of flight plan and whether 
or not you are under the control of an ATC facility, you are responsible to see and avoid 
other aircraft, terrain, or obstacles. This rule has been established solely in the interest of 
safety. ATC radar is not capable of detecting 
every aircraft which may pose a hazard to 
your flight. Also, one of ATC’s primary 
responsibilities is the separation of IFR traf- 

ka fic. Traffic advisories are provided for 
*¢ i pilots operating under VFR conditions on a 
—_ workload-permitting basis only. 


and avoid all. aircraft, regardless of the type 
of flight plan you have filed. 
=) 


, g 
e i In VFR conditions, you are required to see 


IFR CLIMB CONSIDERATIONS 


ATC expects you to maintain a continuous rate of climb of at least 500 f.p.m. to your 
assigned cruising altitude. If you are unable to maintain this climb rate, you should 
notify ATC of your reduced rate of climb. 
Unless ATC advises “At pilot’s discretion,” 
you are expected to climb at an optimum 
rate consistent with your airplane’s perfor- 
mance to within 1,000 feet of your assigned 
altitude. Then attempt to climb at a rate of 
between 500 and 1,500 f.p.m. for the last 
1,000 feet of climb. 


When established on an airway, FAR Part 91 specifies that you must fly the centerline 
of that airway during climb, cruise, and descent. However, the regulation further pro- 
vides that you are not prohibited from maneuvering the aircraft to pass well clear of 
other aircraft in VFR conditions. In addition, the FAA recommends that, while climb- 

ing in VFR conditions, you make gentle 
eg turns in each direction so you can contin- 


p “ 
, oe ee ae * 
| agri climbing onan airway, youaré = === uously scan the area around you. As previ- 
| required by regulation to maintain the cen- ously discussed, whenever you are 


A E RS 4 
e e ertntn ake a a operating on an IFR flight plan in VFR 
onditions to detect and/or avoid & her air traffic. << a conditions, you are r esponsible for Collie 
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IFR FLIGHT PLAN AND 
ATG CLEARANCE 


Prior to flying in controlled airspace when the weather is below VFR minimums and in 
Class A airspace regardless of the weather, you are required to file an IFR flight plan. 
Keep in mind that you may not file an IFR flight plan unless you hold an instrument 
rating for the category of aircraft you are flying and you are instrument current as spec- 
ified in FAR Part 61. In addition, the aircraft to be used must be approved for IFR flight 
and must have the navigation equipment appropriate to the navigation aids to be used. 
You may cancel an IFR flight plan anytime you are operating under VFR conditions 


outside of Class A airspace. However, once you cancel IFR, the flight must be con- 
ducted strictly in VFR conditions from that 


point on. Should you again encounter IFR 
weather, you must remain in VFR conditions 
while you file a new flight plan and obtain an 
IFR clearance. 
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An ATC clearance is required before enter- esi 2 Shennan a 
ing Class A and Class B airspace regardless | Law aaa e a eee 
of the weather conditions. When the pup ne eee cou 
weather is below VFR minimums, an ATC of the geane you must have filed an IFR flight plan 
clearance is also required in Class C, D, agp panitaeien ATC coaiges: 

and E airspace. 


ELEMENTS OF AN IFR CLEARANCE 


An IFR clearance is made up of one or more instructions. Knowing the order in which 
ATC issues these instructions makes it easier to understand a clearance. [Figure 3-35] 


Aircraft identification 
Clearance limit 
Departure procedure 
Route of flight 


Figure 3-35. The following items, when appro- ° 
e 
* Altitudes or flight levels, in order to be flown 
e 
e 


priate, are contained in an initial IFR clearance 
in the order shown. 


Holding instructions _ 
Any special information 
Frequency and transponder code information 


CLEARANCE 
LIMIT 

The clearance issued prior to 
departure normally authorizes 
you to fly to your airport of 
intended landing. However, 
because of delays at your desti- 
nation, you may be cleared to a 
fix short of your destination. If 
this happens, you will be given an expect further clearance (EFC) time. At some loca- 
tions, you may be given a short-range clearance, whereby a clearance is issued to a fix 
within or just outside of the departure terminal area. A short-range clearance contains 
the frequency of the air route traffic control center which will issue your long-range 
clearance. A short-range clearance is often used in a nonradar environment to get you to 
a location where you can be identified by radar. 


DEPARTURE PROCEDURE 

You may be issued specific headings to fly and altitude restrictions to separate your air- 
craft from other traffic in the terminal area. Where the volume of traffic warrants, SIDs, 
or standard instrument departures, have been developed. SIDs and standard terminal 
arrival routes (STARs) are essentially charted procedures that help simplify the issuance 
of a clearance. ATC assumes you have all applicable SIDs and STARs and will issue 
them, as appropriate, without request. If you do not possess SIDs and STARs, or do not 
wish to use them, you should include the phrase “No SID/STAR” in the remarks sections 
of your IFR flight plan. SIDs and STARs will be discussed in more detail in Chapters 4 


and 6. 


ROUTE OF FLIGHT 


Clearances are normally issued for the altitude or flight level and route filed by the pilot. 
However, due to traffic conditions, it is sometimes necessary for ATC to specify an alti- 
tude/flight level or route different from that requested. In addition, flow patterns have 
been established in certain congested areas, or between congested areas, whereby capac- 
ity is increased by routing all traffic on preferred routes. Information on these flow pat- 
ters is available in offices where preflight briefings are furnished or where flight plans 


are accepted. 
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When required, clearances include data to assist in identifying reporting points. It is 
your responsibility to notify ATC immediately if your navigation equipment cannot 
receive the type of signals needed to comply with the clearance. 


ALTITUDE DATA 


The altitude or flight level instructions in an ATC clearance normally require that you 
“maintain” the altitude or flight level at which the flight will operate when in controlled 
airspace. Altitude or flight level changes while enroute should be requested prior to the 


time the change is desired. 


When possible, if the altitude assigned is different from the altitude requested, ATC will 
inform you when to expect a climb or descent clearance or when to request an altitude 
change from another facility. If a new altitude assignment has not been received prior to 
leaving the area, and you still desire a different altitude, you should reinitiate the request 
with the next facility. 


A cruise clearance may be issued by ATC in situations where the route segment is rela- 
tively short and traffic congestion is not a consideration. In this type of clearance, the 
controller uses the word “cruise” instead of the word “maintain” when issuing an alti- 
tude assignment. [Figure 3-36] 


Figure 3-36. This is an example of a 
cruise clearance. 


“.. . cleared to Goodland Airport, cruise 8,000.” 


The significance of a cruise clearance is that you may operate at any altitude, from the 
minimum IFR altitude up to and including, but not above, the altitude specified in the 
clearance. You may climb, level off, descend, and cruise at an intermediate altitude at 
any time. Each change in altitude does not require a report to ATC. However, once you 
begin a descent and report leaving an altitude, you may not climb back to that altitude 
without obtaining an ATC clearance. Another important aspect of a cruise clearance is 
that it also authorizes you to proceed to and 
execute an approach at the destination air- 
port. In other words, you do not need to 
request, and ATC will not issue, a separate 
approach clearance at the destination airport 
when you have been issued a cruise clear- 
ance. When you are operating in uncontrolled 
airspace on a cruise clearance, you are 
responsible for determining the minimum 
IFR altitude. In addition, your descent and 
landing at an airport in uncontrolled airspace 
is governed by the applicable FARs for flight 
under VFR. 
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HOLDING INSTRUCTIONS 

If you have been cleared to a fix other than the destination airport and a delay is 
expected, it is the responsibility of ATC to issue complete holding instructions, unless 
the pattern is charted on the enroute chart or approach procedure. In addition, the 
controller should issue an EFC time, and a best estimate of any additional enroute or 
terminal delay. If the holding pattern is charted and the controller does not issue com- 
plete holding instructions, you are expected to hold as depicted on the appropriate 
chart. [Figure 3-37] 


/ 


FTW 
2.2-2.65-McALESTER 
MC ALESTER 


i o 
Mela kon, NA “.. hold north as published.” 


Figure 3-37. When the pattern is charted, the controller may omit all holding instructions except 
the charted holding direction and the statement “as published” However, controllers will always 
issue complete holding instructions if you request them. 


ABBREVIATED IFR DEPARTURE 
CLEARANCE 


In order to decrease radio congestion and controller workload, ATC issues an abbrevi- 
ated IFR departure clearance whenever possible. This type of clearance uses the phrase 
“cleared as filed” to indicate you have been cleared to fly the route as contained in your 
IFR flight plan. This technique is particularly useful when numerous navigation fixes 
and Victor airways are contained in the flight plan, and ATC can accommodate the rout- 
ing as you filed it with little or no change. However, if ATC finds it necessary to change 
your requested routing, a full route clearance is issued and the abbreviated clearance 


procedure is not used. 


In the event you bave filed a SID procedure in your flight plan or a SID is in use at the 
departure airport, the SID or SID transition to be flown is included in the abbreviated 
clearance. Although SID procedures are included in the abbreviated clearance, STARs 
are considered part of the routing and normally are not stated in the body of the clear- 
ance. If, for example, you filed a flight plan which included a STAR, and ATC did not 
amend it in your clearance, you should plan to fly the entire route, including the STAR, 


when you are cleared as filed. 


An abbreviated clearance only applies to the route segment of the clearance. Besides the 
statement “cleared as filed,” it always contains the name of the destination airport or a 
clearance limit; any applicable SID name, number, and transition; your assigned enroute 
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“ cleared to the Los Angeles International Airport, Rockies 3 Departure, 
Dove Creek Transition, then as filed. Maintain 10,000, expect flight level 
270 within 10 minutes. Departure frequency is 126.1. Squawk 5417.” 


Figure 3-38. Shown are examples of abbreviated IFR departure clearances. 


altitude, and any additional instructions such 
as the departure control frequency or transpon- 
der code assignment. [Figure 3-38] 


| An abbreviated clearance contains the — 
name ot your destina ion airport or clear- 
ance limit; the assigned enroute altitude; 
SID information, if appropriate; and it may include a i 

V F R O N Ta P departure frequency or transponder code assignment. 

In some situations, it may be to your advan- 

tage to request VFR on top during an IFR 

flight. This type of clearance does not cancel your IFR flight plan. Instead, it allows you 

more flexibility with regard to altitude assignments. Basically, a VFR-on-top clearance 
allows you to fly in VFR conditions and at 
appropriate VFR cruising altitudes of your 


P» VFR-on-top operations are prohibited in choice. You may only request this clear- 


T iclemare! ance if you are in VFR conditions below 
18,000 feet (Class A airspace). ATC can 
not initiate a VFR-on-top clearance. Once 
ATC approves your request, you must 
maintain VFR flight conditions at all 
times. Altitude selection must c 

Í A VFR-on-top clearance can only be : nee ; py 

P ' u with the VFR cruising altitude rules, 
assigned by ATC if it has been requested which are based on the magnetic course of 

ws PY the pilot and conditions are indicated to the aircraft. You may not, however, select 

Pe seler Maidype of flight, an altitude which is less than the mini- 
mum enroute altitude prescribed for the 
route segment. [Figure 3-39] 
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Figure 3-39. The VFR cruising altitude rule does not guarantee traffic separation. 


An ATC authorization to maintain VFR on top does not literally restrict you to on-top 
operations. You may operate VFR on an IFR flight plan when you are above, below, or 
between layers, or in the clear. This type of clearance simply allows you to change alti- 
tude in VFR conditions after advising ATC of the intended altitude changes. Keep in 
mind, however, that all the rules applicable 

to instrument flight, such as minimum IFR l ; ‘ : ¢ 
altitudes, position reporting, radio commu- Both VFR and IFR rules apply to a VFR-on- 
nication, and adherence to ATC clearances, Rd top flight. However, when flying VFR on top, — 
must still be followed. If at any time VFR f 
conditions cannot be maintained, you must 
inform ATC and receive a new clearance 
before you enter IFR conditions. 


CLIMB TO VFR ON TOP 

A variation of the VFR-on-top clearance is a request to climb to VFR on top. You would 
request this type of clearance when departing an airport where you wanted to climb 
through an area of restricted visibility, such as a haze or fog layer, and then proceed 
enroute under VFR. If you are departing a controlled airport, it may not be necessary to 
file a complete IFR flight plan with a request to VFR on top. You can generally make 
your request directly with ground control or clearance delivery. However, if an ATC 
facility is not available, your request should be made with a filed flight plan. 


you are required to comply with the VFR 
cruising altitude rules and the basic VFR weather mini- 
mums. See figure 3-39. bdi m è 


When ATC issues a clearance to climb to VFR on top, you should expect a clearance limit 
and an ATC request to report reaching VFR on top. Also, if you elect to file an IFR flight 
plan, the term “VFR on top” is used 
instead of an altitude assignment when 


ow receive your clearance. If necessary D A climb-to-VFR-on-top clearance should be 
ee on eens your Tian o ea A requested in order to climb through a cloud 


; i layer or an area of reduced visibility and 
ic se . [Figure 3-40 
traffic separation. [Fig l then continue the flight VFR. 
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3-40. This represents a 


climb-to-VFR-on-top 


. cleared to the Waterloo Airport as filed, climb to and report reaching VFR 
| on top. If not on top at 9,000, maintain 9,000 and advise. Maintain VFR on top.” 


APPROACH GLEARANCES 


You should be aware of a few peculiarities with the issuance of an instrument approach 
clearance. First, if only one approach procedure exists or if you are authorized by ATC to 
execute the approach procedure of your choice, you are issued a clearance, such as 
“ _, cleared for approach.” If more than one approach procedure is available at the 
destination airport or if ATC restricts you to a specific approach, the controller spec- 
ifies, “. . . cleared for ILS Runway 35 Right approach.” If you are established on a 
route or approach segment that has a published minimum altitude, your approach 
clearance generally will not specify an altitude to maintain. [Figure 3-41] 


When the landing will be made on a runway that is not aligned with the approach being 
flown, the controller may issue a circling approach clearance. In this case, the controller 
will specify, “... cleared for VOR Runway 17 approach, circle to land Runway 23.” 


If conditions permit, you can request a 
contact approach, which is then authorized D â contact or visual vias may be ase 
by the controller. A contact approach cannot Rè in lieu of Se a standard instrument 
be initiated by ATC. This procedure may be approach 'Ploee 

used instead of the published procedure to 

expedite your arrival, as long as the airport 

has a standard or special instrument approach procedure, the reported ground visibility is 

at least one statute mile, and you are able to remain clear of clouds with at least one mile 
flight visibility throughout the approach. 
Some advantages of a contact approach are 

that it usually requires less time than the 
published instrument procedure, it allows 

you to retain your IFR clearance, and pro- 
vides separation for IFR and special VFR 
traffic. On the other hand, obstruction 
clearances and VFR traffic avoidance 
becomes your responsibility. 


* - - turn right heading 320°, maintain 2,000 until established § Figure 3-41. If you are being radar vectored to the final 


on the localizer. Cleared for ILS Runway 36 approach.” apy proach course, your approach clearance should always 


include an altitude to maintain. 


_ ATC CLEARANCES SECTION C 
When it is operationally beneficial, ATC may authorize you to conduct a visual 
approach to the airport in lieu of the published approach procedure. A visual approach 
can be initiated by you or the controller. Before issuing a visual approach clearance, the 
controller must verify that you have the airport, or a preceding aircraft which you are to 
follow, in sight. In the event you have the airport in sight but do not see the aircraft you 
are to follow, ATC may issue the visual approach clearance but will maintain responsi- 


bility for aircraft separation. Once you report the aircraft in sight, you assume the respon- 
sibilities for your own separation and wake turbulence avoidance. 


Keep in mind that the visual approach clearance is issued to expedite the flow of traffic 
to an airport. It is authorized when the ceiling is reported or expected to be at least 
1,000 feet AGL and the visibility at least 3 

statute miles. You must remain clear of the i i 


é ý oae 
> g 


i " i i ~ "TS 
clouds at all times while conducting a During a visual approach, radar service is _ 
visual approach. At a controlled airport, terminated automatically when ATC jês 
you may be cleared to fly a visual $ instructs the pilot to contact the tower. os 
approach to one runway while others are ` —— iis i 
conducting VFR or IFR approaches to . 


another parallel, intersecting, or converg- 
ing runway. Also, when radar service is 
provided, it is automatically terminated 
when the controller advises you to change 
to the tower or advisory frequency. 


The mariem between avisual 

approach anda contact approach a are: ara 

pilot must request ; a contact approach, pa 

3 while a visual approach may be assigned by ATC or 

a requested by the pilot; and a contact approach may be 
approved with 1 mile visibility if the | flight can remain 


. á f clear of clouds, while a visual approach requires the 
Without prior pilot request, ATC may issue pilot to have the airport in sight, ora precedir ing Spee i 
Q SIDs, STARs, and visual approach : "to be followed, and the ceiling must be at least 1,000 
clearances. e feet AGL with at least 3 Sits ag visibility. ya - 
SS a - = = 


VFR RESTRICTIONS 
TO AN IFR GLEARANCE 


During the issuance of an ATC clearance, the controller may direct you to “maintain 
VFR conditions.” However, this restriction is only issued when you request it. For 
example, a VFR restriction is issued when you request a VFR climb or descent. This is 
the case when you are departing or arriving in VFR conditions and you wish to avoid a 
complicated, time-consuming departure or arrival procedure. In the case of a VFR 
departure, for example, you may request a VFR climb, which would allow you to avoid 
the departure procedure and climb on 
course. However, you should fully under- 
stand that while operating on an IFR flight 
plan with a VFR restriction, you must remain 
in VFR conditions and maintain your own 
traffic separation during the VFR portion of 
your clearance. 


VFR restrictions to an IFR flight can only be 
initiated by the pilot. 


COMPOSITE FLIGHT PLAN 


A composite flight plan is a request to operate IFR on one portion of a flight and VFR for 
another portion. When you file a composite flight plan, the route should include all nor- 
mal IFR route segments, as well as the clearance limit fix where you anticipate the IFR por- 
tion of the flight will terminate. You may file a composite flight plan any time a portion of 
the flight will be flown under VFR. For example, if the first portion of your flight is VFR, 

you should activate your VFR flight plan with the nearest FSS after departure. As you near 
the point where you planned to activate your IFR flight plan, you must contact the nearest 
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Figure 3-42. When you file a composite flight plan. check both the VFR and IFR boxes in block 1 of the 
flight plan. 


FSS, close your VFR flight plan, and request 
your IFR clearance. Keep in mind that you 
must remain in VFR conditions until you 
receive your IFR clearance. In the event your 
flight dictates IFR for the first portion and 
VFR for the latter portion, you will normally 
be cleared IFR to the point where the change 
is proposed. As you near this point and are i You may file a composite flight plan anytime 
operating in VFR conditions, you should ed a portion of your flight will be VFR. tf the 
cancel your IFR flight plan and contact the VFR portion is first, contact the nearest FSS 
nearest FSS to activate your VFR flight plan. prior to transitioning to the IFR portion, close the VF 
If you want to continue past your clearance portion, and request an ATC clearance. 
limit on an IFR flight plan, you must contact 
ATC five minutes before you reach the limit 
to request a further clearance. Should you 
reach your clearance limit without receiving 
a clearance to continue, you are expected to 
enter a holding pattern and wait for the 
clearance. [Figure 3-42] 


- | For a composite flight plan, check both the 
A) VFR and IFR boxes under type of flight. See 


figure 3-42. 


When filing a composite flight plan where 
the first portion of the flight is IFR, include 
all normal IFR route segments and the 
clearance limit fix where you anticipate the IFR portion 


TOWER ENROUTE i 
CONTROL 
CLEARANCE 


Tower enroute control (TEC) is an alternative IFR procedure which permits you to fly 
short, low altitude routes between terminal areas. TEC routes are published for certain 
portions of the United States in the Airport/Facility Directory and in the Enroute Section 
of the Jeppesen Airway Manual Services. Essentially, a flight is transferred from depar- 
ture control at one airport to successive approach control facilities. In most cases, TEC 
routes are generally intended for nonturbojet aircraft operating below 10,000 feet MSL 
with a flight duration of normally less than two hours. If you want to fly a TEC route 
include the acronym TEC in the remarks section of the flight plan. 


DEPARTURE RESTRICTIONS 


In order to separate IFR departure traffic from ici i 
De ee EE au ee eee other traffic in the area, or to restrict or reg- 


ATG CLEARANCES SECTION C 


Some of these restrictions include a release time, a hold for release time, and a clearance 
void time. A release time specifies the earliest time you may depart. This type of restric- 
tion is generally a result of traffic saturation, weather, or ATC departure management 
procedures. Occasionally, you may be advised to “hold for release.” When ATC issues a 
hold for release, you may not depart until you receive a release time or you are given 
additional instructions. Generally, the additional instructions will include the expected 
release time and the length of the departure delay. Once the local conditions and traffic 
permit, you will be released for departure. 


If you are operating at an airport not served by an operating control tower, ATC may 
find it necessary to issue a clearance void time in conjunction with your IFR depar- 
ture clearance. The wording, “clearance void if not off by . . . ,” indicates that ATC 
expects you to be airborne by a certain time. A common situation for the issuance of 
a void time is when inbound traffic is expected to arrive at approximately the same 
time as your departure. In this case, the 
required traffic separation cannot be 
achieved without restricting your depar- 
ture. In the event you do not depart by the 
void time, you must advise ATC of your a clearance containing a v void time indi- 
intentions as scon as possible, but no cates that you must a advise ATC a as soon as possible, 


later than 30 minutes after the void time. but no later than 30 minutes, fat ees if not 
Your failure to contact ATC within the off by the void time. i > " 


allotted time after the clearance void time í ô 4 ba po ` 
= a x 7 
> 


oe à s are 
When departing from an airport com 
served by a control tower, the i issuance of 


T t 


could result in your aircraft being consid- j è i e á 
ered overdue, and search and rescue pro- 
cedures initiated. 


CLEARANCE READBACK 


Although there is no requirement that an ATC clearance be read back, you are expected 
to read back those parts of any clearance which contain altitude assignments, radar 
vectors, or any instructions requiring veri- 
fication. Additionally, controllers may 


You should read back that portion of a request that you read back a clearance 
clearance containing altitude assignments, when the complexity of the clearance or 
radar vectors, or any instruction requiring any other factors indicate a need. 


clarification. 

As the pilot in command, you should 

read back the clearance if you feel the 
need for confirmation. Even though it is not specifically stated, it is generally 
expected that you will read back the initial enroute clearance you receive from 
clearance delivery, ground control, or a flight service station. When you receive 
your IFR clearance, the phraseology may be slightly different, depending upon the 
facility issuing the clearance. The terms “ATC clears,” “ATC advises,” or “ATC 
requests” are used only when a facility other than air traffic control is used to relay 
information originated by ATC. 


CLEARANCE SHORTHAND 


To operate efficiently in the IFR environment, you must be able to copy and thoroughly 
understand clearances. Copying IFR clearances becomes easy with practice. Although 
numerous changes have been made since the acceptance of the first shorthand used by 
early instrument pilots, many of the original symbols have been retained. The shorthand 
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symbols in this chapter are considered by the FAA and experienced instrument pilots to 


be the best. [Figure 3-43] 


SHORTHAND SYMBOLS 


Words and Phrases Shorthand | Words and Phrases Shorthand 


AB OVGicccccc-ccsececesssstes cee teeeeieaoss ote epee ener ABV 
Above ("Above six thousand" ).......:s-tecseeceeeneres 60 
AVISG.ccecsccesteores-uscaceess A AAA a r E EEAS ADV 
After (PaSSiNg)-.-.-.s»n-rrseereonseennnnerores+oosuseanacanenennat < or AFT 
N T onorarea o eRe A 
(Alternate INStrUCtiONS)...........:ccccceeeereeeeretteeees )-: 
PARTIC ete OOO), O00... eienenn eenaa 0— 170 
FNC bina se a CREE r SRE & 
Approach arini sasan a seeds AP 
Finalessa E 
Instrument a System EE ean ILS 
Localizer Back Course. ET Pee aceon EBC 4: J 
Localizer Ony aeran ache i 
Nondirectional Beacon... isss f 
Precision Approach Radar..........sessserarsersssnen PAR 
Surveillance Radan eee eene eee rs S ASR 
OR E A a oas A E I, VOR or e 
Approach Controls cee eee ere rears APC 
AS FiIIGUI Aree eco eater eae AF 
AS Publish ae E e AEE a AA eee APUB 
A eee E E ee eee @ 
(ATCVAJVISES. aniren e ne eeee aaa E eee CA 
(ATC) Clears or Cleared...............:cccccecseeeseesseees C 
(ATC) Regu StS d oraa A e eee CR 
Sretno ee E a ces OT BRG or BR 
Before (reaching, passing) = Saw 
BQ OW E A N E eee ere etree eee BLO 
Below ("Below Six thouSand”).............::e+:0sese000es 60 
A R E E en eee CTR 
Cleared or (ATC) Clears.............:csecsccessessssersseeas C 
Cleared AS Red A E CAF 
Cleared O a R CL 
Climb (to).....ccatetersct a E A ope ee nance ip 
C ONACh E E eR... renes eee CT 
COo NoJolrors Vol p AOPA CAP 
Cus, ts ...s.ssass CRS 
COES Noo) E X 
Cruise.......... IB occ E > 
DECE E —_—_—_—_————— DP 


Depari CONTON... DPC 
boo E) 


Direct... ” ‘he or B> 
DME Fix si DME E mie i. 

Each... Se ae = 

Eastbound... T 

Established.........0..... Ter ore 

EE An 


Expect Further Clearance (time or location)........ EFC 
} Flight Level........emesesseseenerreseenessesnsrerseerrenesereneeencnne FL 
| Flight Planned Route. E FPR 
For Further ClearanCe....e-.sreeu eneee e E FFC 


eesssnsasososessenooscososacooncacsonoooosoosovasassosooopasconpvonaeo 


BECCHI E E E EEEE 
| Hold (direction) (“Hold west 


Holding! Patte tiicecs cee cees a E 
Intercept ee 
nerse ON eee a e e 
Landing) osier eee A E a a 


| Maintain (or magnetic) meree ee 


Middle Markers. esuriens a A ere MM 
Compass Locator at Middle Marker................. LMM 

No (or not) Later Thani. ::::..2---.---- settee san. 

On COUSENT 


mesonessssosesossspenuuuuasaenateseseneosasessssruuesruuensues 


sssnessssasoossras 
osessesscosnsesasoreneosvonesennesesso 


Radar COMAC L... eee rerne raae a eea eee 
PECETIGI R -a RV 


Report eaa e eee 
Report On Course......... TO T TER 
Report Oversteer e E E ee RO 
Report Passing cscscccisyrsscc 
Report Reachingitnt: seen eee 
Report Starting Procedure Turn...................5 
Reverse Course... 
Runway (number). 


Pansenansnnussnovessssoacosasepnanroarnana | OM 


NRE RU RASS EES etd alcatel eis 


Figure 3-43. The purpose of these shorthand symbols is to allow you to copy IFR clearances as fast as they are 
read. The more clearances you copy, the easier the task becomes. 
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CAUSES OF COMMUNICATION BPREAARIOWN 


Controllers are asking, “what is going on up there?” as they complain about pilot errors in clearance readbacks, 
and pilots are asking, “what is going on down there?” as they are being informed that they busted the altitudes 
which they had dutifully read back in their clearance. 


Based on studies conducted by the Aviation Safety Reporting System (ASRS), there seems to be four major problem areas 
causing readback errors. 


1. Similar aircraft call signs — There could be many aircraft with similar call signs operating on the same frequency, at 
the same time and in the same airspace 


2. Only one pilot listening on ATC frequency — In two-pilot operations, both pilots should be listening to clearances. If one 
pilot is getting the ATIS report or talking to another facility, backup monitoring is lost. 


3. Slips of mind and tongue — The typical human errors in this category include being advised of traffic at another flight 
level or altitude and accepting the information as clearance to that altitude; confusing “one zero” and “one one 


thousand,” confusing left and right in parallel runways; and the interpretation of “maintain two five zero” as an altitude 
instead of an airspeed limitation. 


4. Mind-set, preprogrammed for . .., and expectancy factors — The airmen who request “higher’ or “lower” tend to be 
spring-loaded to hear what they want to hear upon receipt of a biurred call sign transmission. 


But why didn’t the controller catch the pilot error in the readback? 

The main problem here seems to be overload or working too many aircraft. At busy airports, controllers can have a rush of 
departures/arrivals at the same time they are working land-lines and phones coordinating hand-offs of traffic. This is further 
complicated by stepped on transmissions where only partial clearances or readbacks are heard. 

So what can be done? When pilots read back a clearance, they are asking a question: “Did we get it right?” Unfortunately, 
ASRS reports reveal that ATC is not always listening. Contrary to many pilots’ assumptions, controller silence is not 
confirmation of a readback’s correctness, especially during peak traffic periods. 


As a pilot, you can take several precautions to reduce the likelihood of readback/hearback failures: 


e Ask for verification of any ATC instruction about which there is doubt. Don’t read back a best guess at a clearance, 
expecting ATC to catch any mistakes. 


e Be aware that being off ATC frequency while picking up the ATIS or while talking to another facility is a potential 
communication trap for a two-pilot crew. 


e Use standard communication procedures in reading back clearances. “Okay, “Roger” and microphone clicks are poor 
substitutes for readbacks. 


e Avoid interpreting altitudes mentioned for purposes other than a clearance as an instruction to proceed to that altitude. 
e Be aware of similar sounding call signs, and make sure the clearance is for you. 


The preceding discussion was compiled from an ASRS Directline article by Bill Monan. 


cy 
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Proficiency in copying clearances is the result of practice and knowing clearance termi- 
nology. Figure 3-44 shows samples of clearances as they might be issued. Each is fol- 


lowed by its appropriate clearance shorthand. 


"Commander 4808S cleared to the Abilene Municipal Airport as filed. Maintain 12,000. 


After departure turn right heading 340 for radar vectors. Squawk 2021." 


80S C ABI A AF M120 AFT DP 7 HDG 340 RV SQ 2021 


“Cessna 1351F cleared to the Ardmore Municipal Airport, radar vectors Bonham, 
Victor 15. Maintain 5,000. Departure control frequency 124.5. Squawk 0412." 


5l FC ADM A RV BYP VE MSO DFC 124.5 SQ O412 


"ATC clears Aztec 103MC to the Addison Airport, Victor 369 Dailas-Ft. Worth, direct. 
Maintain VFR on top. If not VFR on top at 5,000, maintain 5,000 and advise.” 


C SMC ADDISON A V369 DFW DR M VER (or MEO & ADV) 


“Cessna 1351F, descend and maintain 8,000. Report reaching 8,000.” 


SIF 4 M20 RR 80 


"Piper 43532, radar contact 15 miles southeast of the Mustang VORTAC. Turn right 
heading 350. Intercept the Mustang 059 radial. Cleared for the VOR Delta approach 
to Reno, contact Tower on 118.7 at the VOR inbound." 


e - è y 


Figure 3-44. When using 
clearance shorthand, the 
most important consideration 
is not what symbols you use, 
but that you can still interpret 
them after a period of time. 
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An ATC clearance is an authorization for you to proceed under a specified set of 
conditions within controlled airspace. 


You may not deviate from an ATC clearance unless you experience an emergency 
or the clearance will cause you to violate a rule or regulation. 


If you deviate from an ATC clearance, you must notify ATC as soon as possible. If 
you are given priority over other aircraft you may be requested to submit a written 
report to the manager of the ATC facility within 48 hours. 


Anytime you are in VFR conditions, it is your responsibility to see and avoid all 
other traffic, regardless of the type of flight plan you are on. 


An IFR flight plan is required before flying into Class A airspace or any other con- 
trolled airspace when the weather is below VFR minimums. 


You must receive an ATC clearance before entering Class A or B airspace regardless 
of the weather and in Class C, D, and E airspace when the weather is below VFR 
minimums. 


The elements of an ATC clearance are: aircraft identification, clearance limit, 
departure procedure, route of flight, altitudes/flight levels in the order to be flown, 
holding instructions, any special information, and frequency and transponder code 
information. 


A cruise clearance authorizes you to operate at any altitude from the minimum IFR 
altitude up to and including the altitude specified in the clearance without report- 
ing the change in altitude to ATC. 


An abbreviated clearance can be issued when your route of flight has not changed 
substantially from that filed in your flight plan. An abbreviated clearance always 
contains the words “cleared as filed” as well as the name of the destination airport 
or clearance limit; any applicable SID name, number and transition; the assigned 
enroute altitude; and any addition instructions such as departure control fre- 
quency or transponder code assignment. 


A VFR-on-top clearance allows you to fly in VFR conditions and at the appropriate 
VFR cruising altitudes of your choice. VFR on top is prohibited in Class A airspace. 


A contact approach must be initiated by the pilot, it cannot be initiated by ATC. 


In order to fly a contact approach, the reported ground visibility must be at least 
one statute mile, and you must be able to remain clear of clouds with at least one 
statute mile flight visibility. 


A visual approach may be initiated by the controller or the pilot when the ceiling 
is at least 1,000 feet and the visibility is at least 3 statute miles and the pilot has the 
airport or the aircraft to follow in sight. 


VER restrictions to an IFR clearance can only be initiated by the pilot. 


A composite flight plan should be filed when you wish to operate IFR on one por- 
tion of a flight and VFR on another portion. 
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/ A tower enroute control clearance (TEC) is intended to be used by nonturbojet air- 
craft at altitudes less than 10,000 feet MSL where the duration of the flight is less 


than 2 hours. 


/ Departure restrictions, such as a release time, hold for release time, and a clearance 
void time may be imposed to separate IFR departure traffic from other traffic in the 
area or to regulate the flow of IFR traffic. 


/ You should read back those parts of a clearance which contain altitude assign- 
ments, radar vectors, or any instructions requiring verification. 


Y Shorthand should be used to quickly copy IFR clearances. The type of shorthand 
you use is not as important as whether you can read the clearance at a later time. 


KEY TERMS 


Expect Further Clearance (EFC) Contact Approach 
Short-Range Clearance Visual Approach 

Cruise Clearance Maintain VFR Conditions 
Abbreviated IFR Departure Clearance Composite Flight Plan 
Cleared As Filed Tower Enroute Control (TEC) 
VFR-On-Top Clearance Release Time 

Climb To VFR On Top Hold For Release 

Circling Approach Clearance Clearance Void Time 


QUESTIONS 


1. An ATC clearance is an authorization to proceed under specified conditions within 
what type of airspace? 


2. In the event you deviate from a clearance due to an emergency, when must you 
notify ATC? 


A. As soon as possible 
B. Immediately after landing 
C. Within 24 hours after landing 


3. If ATC provides you with priority service because of an emergency, you may be 


required to submit a written report to the manager of that ATC facility within what 
time frame? 


A. Immediately after landing 
B. Within 24 hours after landing 
C. Within 48 hours after landing 
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4. 


True/False. You are always required to see and avoid other aircraft while operating 
in VFR conditions, even on an IFR flight plan. 


True/False. To operate under IFR within controlled airspace, you must file an IFR 
flight plan and obtain an ATC clearance. 


If you depart from an airport in Class G airspace in less than VFR conditions, when 
must you file an IFR flight plan and receive a clearance? 


A. Before takeoff 
B. Before entering IFR conditions 
C. Before entering controlled airspace 


Regardless of weather conditions, you are required to file an IFR flight plan before 
you can legally fly within what class of airspace? 


A. Class A 
B. Class B 
C. all controlled airspace 


For questions 8 through 15, use the associated letter of the IFR departure clearance items 
to arrange them in the correct sequence. 


8. 


17. 


18. 


. Aircraft identification 

. Altitudes, in the order to be flown 

Any special instructions 

. Clearance limit 

. Departure procedure 

Frequency and transponder code information 
. Holding instructions 


. Route of flight 


SS a 


True/False. ATC will not issue a standard instrument departure (SID) unless you 
request it. 


True/False. When ATC issues a clearance with significant changes to your 
requested routing, you can expect an abbreviated clearance. 


What is the significance of the following clearance: “...cruise 5,000”? 


A. You can fly at any altitude from 5,000 feet MSL up to the base of Class A air- 
space. 

B. You can conduct your flight at any altitude from the minimum IFR altitude up 
to and including 5,000 feet MSL. 

C. You can fly at any altitude from the minimum IFR altitude up to and including 
5,000 feet MSL, but you must report leaving each altitude to ATC. 
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Before a contact approach is approved, the reported ground visibility must be at 


least what? 


A. One statute mile 
B. One nautical mile 
C. Three statute miles 


Select the true statement when cleared to fly VFR on top on an IFR flight. 


A. Your IFR flight plan is automatically cancelled. 

B. You are required to comply with VFR cruising altitude rules. 

C. You may fly below the minimum enroute altitude prescribed for the route seg- 
ment you are flying as long as you remain VFR. 


When you are flying on a composite flight plan, who should you contact to cancel 
the VFR portion and request a clearance to proceed under IFR? 


When ATC issues a clearance void time in conjunction with a departure clearance, 
in what time frame must you depart? 


A. No later than the clearance void time 
B. No later than 30 minutes after the clearance void time 
C. 30 minutes or later after the clearance void time 


True/False. You should read back all portions of an ATC clearance that contain spe- 
cific instructions, such as altitude assignments or radar vectors. 


Decipher the following clearance. (CYS is Cheyenne Airport) 


CCAA TM 60 Dre 1200 es 


Rewrite the following clearance using shorthand symbols. 


“Gulfstream 37R, cleared to the Dallas Love Airport (DAL) direct Bonham (BYP) 
VORTAC. Descend and maintain 12,000, report passing 15,000. Depart Bonham 
VORTAC heading 210 for vectors to Runway 31 Right ILS final approach course. 
Landing Runway 31 Right.” 


PART II 
INSTRUMENT GHARTS 
AND PROCEDURES 


fin t develop the charts t get famous. I did it to stav alive, 


— Elfes B. leppesen 


PART Il 


When Elrey B. Jeppesen began recording aero- 
nautical information in the early 1930s, he did it 
simply as a means of survival. While it may not 
have been his original intention, Captain Jepp 
also managed to revolutionize air travel by mak- 
ing it a more reliable and safer form of trans- 
portation. As an instrument pilot, you will use 
charts inspired by Captain Jepp’s sketches to rou- 
tinely fly in conditions which ordinarily would 
keep you on the ground. Of course, reading and 
understanding the charts is only half of the story. 
To be a competent instrument pilot, you must 
also know how to fly the procedures depicted on 
the charts. To help you interpret the charts and 
translate the instructions into action, Part H 
breaks instrument flight into several broad 
phases. The departure phase, which takes you 
from the airport to the enroute structure is cov- 
ered in Chapter 4. After leaving the departure 
phase, you begin the enroute portion of your 
flight, which is discussed in Chapter 5. As you 
near your destination, you enter the arrival phase 
which may begin with a published procedure 
similar to those shown in Chapter 6. In most 
cases, your IFR flights will end with an instru- 
ment approach to the runway. To prepare you for 
these operations, Chapter 7 covers approach 
charts and general approach procedures while 
Chapter 8 discusses specific types of approaches 
and the associated procedures. 
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Part II, Chapter 4 — Departure 


E 
JEPARTURE CHARTS 


Departure charts are published to help simplify complex clearance delivery procedures, 
reduce frequency congestion, ensure obstacle clearance, and control the flow of traffic 
around an airport. in some cases, they help reduce fuel consumption, and may include 
noise abatement procedures. This section analyzes standard instrument departure charts 
to help you become better acquainted with the symbols and information they contain. 
The practical application of flying these procedures is covered in the next section. 


Prior to any discussion of chart format and published instrument procedures, you 
should understand that the chart examples depicted in this manual are representative of 
the current published formats, and that they may not be the most current editions and 
should not be used for navigation. Prior to any flight under IFR, you must obtain the 
most current charts for your area of operation. 


OBTAINING CHARTS 


Instrument charts are published by Jeppesen Sanderson, Inc. and the National Ocean 
Service (NOS) which is part of the National Oceanic and Atmospheric Administration (a 
division of the United States Department of Commerce). While the NOS primarily pub- 
lishes instrument charts for the United States, its territories, and possessions, Jeppesen 
has a broader scope, producing instrument charts on a worldwide basis. [Figure 4-1] 


JEPPESEN 


CS Juno JEPPESEN wpog2y , 


sen Lens, ecient N : z == 3 
ay : a | to 
== FOr more information about Jeppesen's Airway To find out more about NOS chart services, 
Manual Services, you can: you can: 
eCall: (800) 621-JEPP *Call: (800) 638-6990 
eFax: (303) 784-4153 eFax: (301) 436-8301 
eVisit a Jeppesen dealer eVisit an NOS chart agent 
*Review the Jeppesen catalog Review the NOS catalog 
Consult the Jeppesen FAR/AIM Consult the AIM 
eUse the Internet: www. jeppesen.com Use the Internet: http://acc.nos.noaa.gov 
eWrite: Jeppesen *Write: NOAA Distribution Division (N/ACC3) 
55 Inverness Drive East National Ocean Service 
Englewood, CO 80012-5498 Riverdale, MD 20737-1199 


Figure 4-1. Many pilots find a chart subscri 
always have the most up-to-date charts. You 
by subscription or as a one time purchase. 


ption service a convenient way to ensure that they 
can procure charts from Jeppesen or the NOS either 
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DEPARTURE STANDARDS 


IFR departures are designed according to the criteria established in the U.S. Standard 
for Terminal Instrument Procedures (TERPs). In part, TERPs sets standards for a spe- 
cific clearance from obstacles at a given distance from the runway based on an aircraft 
climbing at least 200 feet per nautical mile. [Figure 4-2] If obstacles penetrate a slope of 
152 feet per nautical mile, beginning no higher than 35 feet above the departure end of 
the runway, a minimum ceiling and/or climb gradient may be required. In some cases, 
the aircraft may have to be maneuvered to avoid obstacles. Some departures may require 
a combination of these restrictions to ensure a safe departure. 


An obstacle-free departure flight path is based 
on your aircraft climbing at least 200 feet per 
nautical mile after it crosses the end of the 
runway at least 35 feet above the ground. In 
addition, you must be able to climb to 400 feet 
above the airport elevation within 2 nautical 
miles, before reaching a point where a turn is 
required. 


A slope of 152 feet per nautical mile is assessed for , i 
obstacles. If none penetrate this slope, the 200 foot per Departure routes are based on positive 
nautical mile climb gradient provides you with a course guidance acquired within 10 nautical 
minimum of 48 feet of obstacle clearance for each mile miles from the departure end of the runway 
of flight. If obstacles penetrate this slope, special on straight departures, and 5 nautical miles 
avoidance procedures such as ceiling and visibility after completion of turns on departures 
minimums, detailed flight maneuvers, and/or greater requiring turns. Surveillance radar, when 
climb gradients are specified. | available, may be used to provide positive 
course guidance. 


Figure 4-2. An obstacle slope of 40:1 is used when analyzing terrain and other obstacles in the airport vicinity. 


STANDARD INSTRUMENT 
DEPARTURES 


The standard instrument departure (SID) is used after takeoff to provide a transition 
between the airport and the enroute structure. You can find SID charts grouped with the 
associated airport approach charts in both Jeppesen and NOS coverages. 


To illustrate how SIDs can be used to simplify a complex clearance and reduce frequency 
congestion, consider the following departure clearance issued to a pilot who was about 
to depart from Terps, California. “Cessna 1732G, cleared to the Oakville Airport via the 
Terps 170° radial Terps, Victor 195 Thor, Thor 285° radial and Barnsdall 103° radial to 
Barnsdall, then as filed. Maintain 8,000 feet. After departure, maintain runway heading 


eek as DEPARTURE 


until reaching 3,000 feet, then turn right to 120° and intercept the Terps 170° radial. 
Cross Terps at or above 5,000 feet.” 


Now consider how this same clearance is issued when a SID exists for this departure. 
“Cessna 1732G, cleared to Oakville Airport, Thor One Departure, Barnsdall Transition, 
then as filed. Maintain 8,000 feet.” This brief transmission conveys the same information 


as the longer example. 


SIDs require specific aircraft performance to guarantee obstacle clearance. When you are 
issued a clearance that contains a SID, you are obligated to comply with the provisions 
listed for the SID and must ensure your aircraft is capable of achieving the performance 
requirements. For example, when necessary for obstruction clearance, SIDs specify a climb 
gradient in feet per nautical mile. To convert this figure to rate of climb in feet per minute, 
you can use the table provided on the Jeppesen SID or the chart provided in the front of the 
NOS Terminal Procedures Publication. [Figure 4-3] Alternatively, you can determine your 
climb rate mathmatically by dividing the groundspeed by 60 and multiplying by the climb 
gradient. For example, if a SID requires an altitude gain of 200 feet per nautical mile and 
your planned groundspeed is 150 knots, the required rate of climb is 500 feet per minute 
((150 + 60) 200 = 500). 


You also should recognize that some SIDs require you to maintain a climb gradient to 
altitudes in excess of 10,000 feet. Therefore, the calculated continuous climb perfor- 
mance must be valid to the altitude required in the SID. For example, if a SID ends along 
a high altitude, or jet route, most light aircraft will have difficulty complying with it, 
since jet routes have minimum enroute altitudes (MEAs) of at least 18,000 feet. This 
could be a significant factor if you encounter adverse weather conditions, such as high 
density altitude, turbulence, and/or icing during 
the climb to cruising altitude. Another consider- 
ation is the average winds aloft during your 
departure. Since climb gradient is based on 
groundspeed, a tailwind requires an even greater 
rate of climb. Your responsibility as pilot in 


r ae... ’ E e 
Minimum climb gradients are given in feet 
per nautical mile and must be converted to 
feet per minute for use during departure. 


JEPPESEN 


JEPPESEN 29 Nov CASPER, WYO 


*CASPER Departure (R) 120.65 
DENVER Center (R) 135.6 when Dep inop. NATRONA CO INTL 


ALCOS THREE DEPARTURE (ALCOS3.ALCOS) (PILOT NAV) 
(DME REQUIRED) 


This SID requires a minimum climb gradient of 
270' per nm to 7300’. 


[Gnd speed-Kts] 75 | 100] 160 | 200] 260] 300] PF can oh 
[C270 perNM_ | 33a | 450 [676 | 900]1126]1360 RATE OF cuma Taie = Ñ : 
i A tale of climb table ls provided for use in planning and executing $ B 


takeof! procedures under known er approximote ground speed conditions, 


If your groundspeed on departure is 150 (Et per min.) 
knots, you must climb at 675 f.p.m. to 
maintain the required climb gradieni 


of 270 feet per nautical mile. 


Using this NOS table, you can determine } 
| that a climb gradient of 400 feet per | 
nautical mile at a groundspeed of 100 | 
knots requires a 667 f.p.m. rate of climb. | 


Figure 4-3. Tables are available for converting a minimum clim 
your groundspeed. 


b gradient to a minimum climb rate, based on 


4-4 


DEPARTURE CHARTS SECTION A 


command is to review each SID, make sure your aircraft can comply with the proce- 
dures, and refuse any SID that is beyond the limits of your aircraft. 


SIDs are divided into two general classifications — pilot nav and vector SIDs. A pilot nav 
SID is designed to allow you to navigate along a specified route with minimal commu- 
nications with ATC. A vector SID is established where ATC provides radar navigation 
guidance. 


PILOT Nav SID 


A pilot nav SID usually contains an initial set of instructions that apply to all aircraft, 
followed by one or more transition routes that require you to navigate to the appropri- 
ate fix within the enroute structure. Many pilot nav SIDs include a radar vector seg- 
ment that helps you join the SID. The symbols used on both Jeppesen and NOS SIDs 
are very similar to the symbols found on the respective enroute, area, and approach 
charts. Both chart publishers include a textual description of the initial takeoff and 


Computer Navigation Fixes 


Beginning in 1998, the FAA began assigning five-letter Computer Navigation Fix (CNF) names to previously unnamed 
airspace fixes and mileage break points on SIDs, enroute, area, and standard terminal arrival charts. These named 


fixes are printed in italic type within brackets near an X along airways and routes, and include latitude and longitude coordinates. 


A 


[Figure A] NOS SID charts do not 
include the CNF name. [Figure B] 
CNFs are for reference to navigation 
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assign holding in conjunction with a 
aoe h a e id not Use SCAGGS ISLAND O B 
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transition procedures, and a graphic, or plan view, of the routing. In some cases, a tex- 
tual description may not be provided for a simple transition. [Figure 4-4] 


If you intend to use only the basic portion of the SID shown in figure 4-4 that ends at the 
DAWNN Intersection, you should list the computer identification code, 
DAWNN1.DAWNN, as the first part of your routing on your IFR flight plan. This code 
lets ATC know that you intend to use the SID to get from the airport to DAWNN Inter- 
section. Following the SID code, you should list the remainder of the route from 
DAWNN. Your ATC clearance might sound like this: “Cessna 1732G, cleared to Athens 
Airport, Dawnn One Departure, then as filed. Maintain 9,000.” 


If your planned route allows you to follow one of the transitions, it is usually to your 
benefit to file for the transition. For example, suppose your route of flight takes you over 
the Louisville VORTAC. In this case, you can include the Louisville Transition in your 
flight plan. When you file for the 
Louisville transition, the first part of your 


sing the com puter tdentificati oe be routing should list the computer identifi- 
ition in your fight plan informs ATC cation code, DAWNN1.IIU. This tells ATC 

intend to fly both the SID and the appropri- you plan to fly the DAWNN ONE DEPAR- 

i i s a TURE (DAWNN1) and the Louisville 
4 pd Pen * + | Transition (ITU). Listing the code exactly 
as it appears on the SID helps ATC enter it 

into the computer and reduces the time 

required to process your flight plan. The remainder of your route, starting at Louisville, 
is entered following this code. Your clearance from ATC might sound like this: “Cessna 
1732G, cleared to Athens Airport, 
Dawnn One Departure, Louisville 


Transition, then as filed. Maintain 
9,000.” 


At times, you may be instructed to 
maintain runway heading during a 
SID. In these cases, you are expected to maintain the heading that corresponds with the 
extended runway centerline, and not apply a drift correction. For example, if the actual 
magnetic value of Runway 4 centerline is 044°, you should maintain a heading of 044°. 


VECTOR SID 


During a vector SID, ATC provides radar vectors that start just after takeoff and continue 
until you reach your filed or assigned route or one of the fixes shown on the chart. The 
vector SID chart is similar to the pilot nav SID, except for the absence of departure routes 
and transitions. The chart usually contains an initial set of instructions, such as a head- 
ing to fly and an altitude for initial climb. When ATC establishes radar contact, they 
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Departure control frequencies 
may be shown for different | 
departure runways and 
directions of flight. The note, 
(R), indicates that Indianapolis 
departure has radar available. 


The DAWNN ONE DEPARTURE is a 
pilot nav SID. When filing for the basic 
portion of this departure, you should 
use the code, DAWNN1.DAWNN. 


INDIANAPOLIS, IND 
INDIANAPOLIS INTL 


PILOT NAV 


JEPPESEN 20 FEB 


INDIANAPOLIS Departure (R) West T 19.05 


tast 124.95 


DAWNN ONE DEPARTURE (DAWNN1.DAWNN 
(RADAR VECTORED) 


) ( 


Radar vectors are used 
during some portions 
of the departure. 


TAKE-OFF 
[aes Vi All Runways: MAINTAIN runway heading, 
( 


P116.3 VHP © contact Departure Control! for vector to 


N39 48.9 W086 22.1 VHP R-174, thence via VHP R-174 to Dawnn 


D 4 Int. Thence via (transition) or (assigned route). 
Indianapolis Int] "7 > TRANSITIONS 
797 Bowling Green (DAWNN1.BWG): (HIGH This is code for the DAWNN 


Z = ALTITUDE) From Dawnn Int to BWG VOR: 
Re Via BWG R-004. ONE DEPARTURE with the 
Louisville Transition. 


The primary departure airport, 
Indianapolis International, is 
screened. Other airports also may 
be served by this SID procedure. 


A Louisville (DAWNN1.1IU): From Dawnn 

~“ Int to IIU VOR: Via IIU R-311. 

a Mystic (DAWNN1.MYS): (LOW ALTITUDE) 
| From Dawnn Int to MYS VOR: Via MYS R-002. 


Direct distance from Indianapolis Inti to: 
Dawonn Int 69 NM 


Since the distance between 
the airport and DAWNN can 
vary with aircraft performance, 
pilot technique, and the length 
| of radar vectors, the direct 


The plan view of the departure 
route portrays the radial, altitude, 
and DME (75 nautical miles) from 
the VHP VORTAC to DAWNN. 
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distance (69 nautical miles) | 
an from the airport to DAWNN 
JEPPESEN AT A Z Intersection is provided. ; 
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and the course follows the 004° 
radial from BWG (184° inbound). 
Dashed lines depict transition 


addition to navaids, SIDs also 
include coordinates of intersections 


i and mileage break points. 
routes on Jeppesen charts. z8] r i i 
Transition routes are shown with ERES) 
light, solid lines on NOS charts. 397 Is 3 
ENHAN 
z385] N 
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NOT TO SCALE 


Due to the large areas covered, 
most SIDs are not drawn to scale. 
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p Z 
117.9 BWG Z All runways: If not in contact with Departure 7 
N36 55.7 W086 26.6 % Control one minute after take-off, fly 200°, 


4 intercept VHP R-174, proceed on course. 
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| When the lost communication 
© JEPPESEN SANDERSON, INC} procedures are different from 
those specified in the FARs, 
m iiai - we) they are stated on the chart. 


CHANGES: Indianapolis VOR renamed Brickyard. 


Figure 4-4. A SID is identified by an abbreviated name and numeral, then a dot followed by the identifier/name of the 
exit or transition fix. When a significant change in the procedure occurs. the number increases by one. After 9, the SID 


number reverts to 1. 
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provide vectors to help you reach one of several fixes portrayed on the chart. The textual 
description provides initial procedures to follow after takeoff as well as nonstandard lost 


communication procedures. [Figure 4-5] 

As with pilot nav SIDs, when obstacle clear- On NOS SIDs, the applicable NOS enroute 
ance cannot be guaranteed by the standard charts are listed below the navaid informa- 
required climb gradient of 200 feet per nauti- Pr bara 

cal mile on a vector SID, a minimum climb gra- - =— 

dient may be specified. Since climb gradients 

are given in feet per nautical mile, they must be converted to feet per minute to be usable 

during departure. Jeppesen provides a conversion table on each SID chart that has a mini- 

mum climb gradient. NOS includes a conversion table that is located in the front portion 

of the Terminal Procedures Publication. 


| The Wylyy One 

4 l As aircraft and avionics technology improves, SID charts are enhanced to accommodate these advancements, as 
™ shown on this FMS RNAV SID chart excerpt for Boston, Massachusetts, Logan International Airport. This flight man- 
agement system, or FMS, procedure requires /E or /F area navigation system aircraft certification. The /E aircraft equipment suffix 
listed on an IFR flight plan refers, in part, to dual FMS with barometric vertical navigation (VNAV), oceanic, enroute, terminal, and 
approach capability. Equipment requirements include, in part, a flight director and autopilot control system, dual inertial reference 
units, or IRUs, a database, and an electronic map. A /F refers to a single FMS. Note that the SID chart is restricted to turbojets, 
and requires a navigation system latitude/Aongitude coordinate update prior to departure. 


JEPPESEN  20FEB BOSTON, MASS 


BOSTON Departure (R) 1 33 .0 LOGAN INTL 


WYLYY ONE FMS RNAV DEPARTURE (WYLYYI.WYLYY) 
[FMS PROCEDURE - SLANT E (/E) OR SLANT F (/F) AIRCRAFT CERTIFICATION REQUIRED] 
(FOR USE BY TURBOJET AIRCRAFT ONLY) 
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| The BLUE LAKE THREE [| 
DEPARTURE is a vector SID. f 
| When filing for this departure, | 
you should use the computer 
identification code, BLUE3.BTG. 


This SID 
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(VECTOR) (BLUE3.BTG) 342. 


CTAF 120.5 


Communications information 
is shown in the upper left 
corner of the plan view. 


Latitude and longitude | 
coordinates for navigation $ 


facilities are provided. si 
i d ; jan 
BATTLEGROUND ; ss sp 


You will need the L-1 and/or | / 
the H-1 enroute chart(s) to §/ 
navigate in the vicinity to the J 
BTG VORTAC. 
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| A graphic depiction of the } 

initial departure procedure is | 

shown using bold departure 
route lines in the plan view. 


Due to the large area | 
covered, this SID is not | 
drawn to scale. j 


NEWBERG _ 
117.4 UBG amass 
Chan 121 


N45°21.19’ 
W122°58.69" 


NOTE: Chart not to scale. 


NOTE: Rwy 7 requires a minimum climb gradient 
of 420’ per NM to 4000’. 
Rwy 25 requires a minimum climb of 310’ 
per NM to 2000’. 


DEPARTURE ROUTE DESCRIPTION 
TAKE-OFF RUNWAY 7: Climb via heading 055° to 1000’, then turn left to 310° or as 
assigned. 

TAKE-OFF RUNWAY 25: Climb runway heading to 900’, then turn right to 320° or as 
assigned. l - 

LOST COMMUNICATIONS: Proceed direct to BTG VORTAC. Continue climb on the 
BTG R-329 within 10 NM to cross BTG VORTAC at or above: NE-bound V448, 9400’; 
NE-bound V468, 4500’; E-bound V112, V182, V520, 4700’; for non airways BTG R-355 
CW BTG R-120, 8800’; all others, 2500’. 
ALTERNATE LOST COMMUNICATIONS PROCEDURE: When BTG VORTAC is out of 
service: if no contact with ATC leaving 3000’, continue climb to assigned altitude and 
proceed direct to UBG VORTAC, thence via assigned route.. 


BLUE LAKE THREE DEPARTURE PORTLAND, OREGON 


(VECTOR) (BLUE3.BTG) 242 POR ae 


Figure 4-5. A vector SID is normally established at a radar facility except when terrain, ATC coordination, or other 


safety related factors require the use of a pilot nav SID. 


serves : 
Portland-Troutdale Airport. 
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procedures differ from those f 
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= Minimum climb gradients 


are specified for Runways 
7 and 25. 


The Departure Route Description contains a textual version of the | 
procedures depicted in the pian view and any other pertinent instructions. 
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SUMMARY CHECKLIST 


/ Charted departure procedures help simplify clearances, reduce frequency conges- 
tion, ensure obstacle clearance, and control traffic flow around an airport. They 
also help reduce fuel consumption, and may include noise abatement procedures. 


/ Standard instrument departures (SIDs) are used after takeoff to provide a transition 
between the airport and enroute structure. 


/ When you accept a SID in a clearance, or file one in your flight plan, you must pos- 
sess the SID chart or the textual description. 


/ To avoid being issued SIDs, enter the phrase “NO SID” in the remarks section of 
your flight plan. 


/ When you are issued a SID, you must ensure your aircraft is capable of achieving 
the SID performance requirements. 


/ SIDs require minimum climb gradients of at least 200 feet per nautical mile, to 
ensure you can clear departure path obstacles. 


/ SIDs may specify a minimum ceiling and visibility to allow you to see and avoid 
obstacles, a climb gradient greater than 200 feet per mile, detailed flight maneu- 
vers, or a combination of these procedures. 


/ Pilot nav SIDs allow you to navigate along a route with minimal ATC communica- 
tions. They usually contain instructions to all aircraft, followed by transition routes to 
navigate to an enroute fix, and may include radar vectors that help you join the SID. 


V Jeppesen and NOS list the airport served by the procedure, the name, and the type 
of SID at the top of the chart. 


v If you are instructed to maintain runway heading, it means you should maintain 
the magnetic heading of the runway centerline. 


v SID initial takeoff procedures may apply to all runways, or apply only to the spe- 
cific runway identified. 


/ Since the actual mileage between a given runway and the first fix varies with air- 
craft performance, pilot technique, and the length of the radar vector, Jeppesen 
charts include the direct distance from the airport to the first fix. 


y SID transition routes are shown with dashed lines on Jeppesen charts and with 
light, solid lines on NOS charts. 


Y The computer identification code for a transition in your flight plan informs ATC 
you intend to fly both the SID and the appropriate transition. 


¥ Because of the large area covered, most SIDs are usually not drawn to scale. 


Vector SIDs exist where ATC provides radar navigation guidance. They usually 
contain a heading to fly, and an altitude for initial climb. When ATC establishes 
radar contact, they provide vectors to help you reach fixes portrayed on the chart. 


Minimum climb gradients are given in feet per nautical mile and must be con- 


verted to feet per minute for use durin 
en g departure. 
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KEY TERMS 


U.S. Standard for Pilot Nav SID 
Terminal Instrument Procedures (TERPs) 

Transition 
Standard Instrument Departure (SID) 


QUESTIONS 


You will be departing San Diego International — Lindbergh Airport (KSAN) using the 
BORDER FOUR DEPARTURE. Refer to the accompanying departure chart to answer 
the following questions. 


Vector SID 


JEPPESEN 


SAN DIEGO, CALIF 
SAN DIEGO INTL-LINDBERGH 


14 JUL 
Rwy 9 124.35 
Rwy 27 125.15 


BORDER FOUR DEPARTURE (BRDR4.BROWS) (PILOT NAV) 
(RWY 27 DME REQUIRED) 


JEPPESEN 


SAN DIEGO Departure (R) 


This SID requires minimum ctimb gradients of: TRANSITIONS 

Rwy 9, 570’ per NM to 1400’. Imperial (BRDR4.IPL): From Brows Int 
Rwy 27, 260’ per NM to 400’. to Lie VOR: Via PGY R-069 and IPL 
Rwy 9 departure requires 300° ceiling and 1 R-25) 

mile visibility. Maian (BRDR4.JLI): From Brows Int to 


JLI VOR: Via JLI R-182. 


Gnd speed-Kts| 75 | 100] 150] 200 | 250] 300 | 
260' per NM ay 867 |1 Pee 
570’ per NM 1900 [2375] 850 
TAKE-OFF 

Rwy 9: Climb via a 090° heading to intercept 
and proceed via MZB R-096 to Brows Int. 
Then via (transition) or (assigned route). 
Rwy 27: Climb via a 275° heading until PGY 
19 DME, then turn LEFT to a 120° heading to 
intercept and proceed via PGY H-260 to 


PGY VOR, then via PGY R-069 to Brows Int. 
Then via (transition) or (assigned route). 


> JULIAN 
114.0 JLT 
N33 08.4 W116 35.2 


Direct distance from San Diego Int!-Lindbergh (Rwy 9) to: 
Brows Int 22 NM 


Direct distance trom San Diego Intl-Lindbergh (Rwy 27) to 
PGY VOR 13 NM 


D MISSION BAY: 
wl 17. 78 zs] 


> IMPERIAL 
M115. 9 IPL 
ve 44.9 W115 30.5 


ee a) 

d Ala (BRDR4. a 

NE sigan ge S 
-~ ro Spor A eg 64 


BROWS 
N32 37.9 W116 46.2 


POGGI 
E o 109.8 PGY | 
N32 36.6 W116 58.7 


N 


NOT TO SCALE 


© JEPPESEN SANDERSON, INC., 1984, 1995. ALL RIGHTS RESERVED. 


CHANGES: Take-off Rwy 9. 
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Assume that the reported weather conditions at the time of departure are 500 feet 
overcast, 2 miles visibility, and the wind is calm. If you determine that the climb 
performance for your airplane is 300 feet per nautical mile, which runway should 


you choose for departure? 


When filing your flight plan, what code should you enter on the flight plan for the 
BORDER FOUR DEPARTURE with Julian Transition? 


A. BRDR4.IPL 
B. BRDR4.JLI 
C. BFDR4.BROWS.JLI 


If you depart Runway 27, what heading should you use until you reach PGY 19 
DME? 


Where does the basic portion of the BORDER FOUR DEPARTURE procedure end? 


A. At the Poggi VORTAC 
B. At BROWS Intersection 
C. At the Imperial VORTAC 


. What is the departure control frequency for Runway 9 at KSAN? 


Where does the Imperial Transition begin? 


A. At the Poggi VORTAC 
B. At BROWS Intersection 
C. AT the 19-mile DME fix from the Poggi VORTAC 


What is the minimum enroute altitude for the Julian Transition? 
What is the length of the Imperial Transition? 


A. 25 nautical miles 
B. 64 nautical miles 
C. 75 nautical miles 


If you choose to fly the departure procedure to the BROWS Intersection, what is the 
appropriate code to enter in your IFR flight plan? 


A. BRDR4. 
B. BRDR4.PGG11 
C. BRDR4.BROWS 


If you depart Runway 27 on the BORDER FOUR DEPARTURE, Imperial Transition 
what initial altitude can your expect? 


3 


A. 7,000 feet at the Poggi VORTAC 
B. 7,000 feet at BROWS Intersection 
C. Your initial altitude will be assigned by the controller 


ECTION 


DEPARTURE 
PROCEDURES 


An IFR departure in a radar environment may be as simple as holding the headings 
assigned by the departure controller while monitoring your position from local navaids. 
In other cases, you may be adhering to a detailed standard instrument departure. At 
remote locations, you may fly the entire departure without the benefit of radar vectors or 
a SID. This section covers important considerations for IFR departures, beginning with 
takeoff minimums. 


TAKEOFF MINIMUMS 


FAR Part 97 prescribes the standard instrument approaches for airports in the United 
States. Whenever an approach is established, the FAA establishes rules which provide 
takeoff minimums for large aircraft and all commercially operated aircraft. In cases 
where takeoff minimums for a particular airport are not published but an instrument 
approach procedure is prescribed, standard minimums apply — one statute mile visi- 
bility for single- and twin-engine airplanes and one-half statute mile visibility for aircraft 
with more than two engines. 


Visibility, which is the typical basis for takeoff minimums, may be expressed in a variety 
of ways, including prevailing visibility, runway visibility value, and runway visual 
range. Prevailing visibility is the greatest distance a weather observer or tower personnel 
can see throughout one-half the horizon. This visibility, which need not be continuous, 
is reported in statute miles or fractions of miles and recorded on the aviation routine 
weather report (METAR). 


Runway visibility value (RVV) is the visibility determined for a particular runway by a 
device, called a transmissometer, located near the runway. RVV, which is reported in 
statute miles or fractions of miles, is used in lieu of prevailing visibility in determining 
minimums for a particular runway. 


Runway Visual Range (RVR), in contrast to prevailing or runway visibility, is based on 
what a pilot in a moving aircraft should see when looking down the runway from the 
approach end. It is based on the measurement of a transmissometer near the instrument 
runway and is reported in hundreds of feet. RVR 
is used in lieu of RVV and/or prevailing visibility 
in determining minimums for a particular run- 
way. The primary instrument runways at major 
airports may have as many as three transmis- 


DEPARTURE 


Definition [ Conversion 


Touchdown RVR is the RVR visibility readout Visibility 
values obtained from RVR equipment serving the (s.m.) 
runway touchdown zone. i 
1/4 
` Mid-RVR is the RVR readout values obtenas, -1/2 l 
-from RVR equipment located midfield of the . l D: e 
runway. = ; i 3/4 


i Roll-out RVR is the RVR. readout values obtained — 


JÀ i e A a 


Figure 4-6. At some airports, RVR may be measured at three points along a runway. if RVR is not reported, 
you can convert the published values to statute miles or fractions thereof. 


someters providing RVR readings, which include touchdown RVR, mid-RVR, and roll- 
out RVR. [Figure 4-6] 


It is important to remember that the prevailing visibility or RVR shown in the avia- 
tion routine weather report should normally be used only for informational pur- 
poses. Since RVR is updated approximately once every minute, controllers can 
provide you with more accurate visibility information for determining compliance 
with takeoff minimums. 


In some cases, the required visibility for takeoff may be greater than standard due to 
terrain, obstructions, or departure procedures. In addition, some airports may require 
both a minimun ceiling and visibility before you can take off. Climb performance also 
may be a factor. When a ceiling is required, it is generally due to obstructions that you 
must avoid during the departure. However, the ceiling and visibility requirements 
may be waived in some cases where a minimum climb gradient is published and you 
can comply with it. The climb gradient specified ensures obstruction clearance, so 
standard visibility minimums are adequate. If you note nonstandard visibility or ceil- 
ing requirements for takeoff minimums, it should alert you to the fact that some type 
of operational limitation exists and you will need additional information before 
departure. [Figure 4-7] 


As an FAR Part 91 operator, you are not 
required to comply with published IFR takeoff 
minimums. However, you should realize that 
these minimums have been established for the 
safe operation of commercial aircraft. These 
aircraft are piloted by highly trained and i 
skilled individuals, and are usually operated by two pilots. Although legal, it is unwise 
to initiate a takeoff in weather conditions that would keep a commercial flight grounded. 


DEPARTURE OPTIONS 


In general, you have four alternatives when departing an airport on an IFR flight. Your 


options include a standard instrument departure, an IFR departure procedure, a radar 
departure, or a VFR departure. 


A V inthe minimums section of an NOS 
approach chart indicates takeoff minimums 
are not standard and/or IFR departure- 


procedures are published. 
G 
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To be eligible for minimums shown in these columns, 
a climb gradient of at least 400 feet per n.m. is 
required until reaching 300 feet MSL. If the climb 
requirement cannot be met, the 300-foot ceiling, 
1 mile visibility requirement listed under "Other" applies. 


PROVIDENCE, RI 
GREEN STATE 


Some FAR Part 121, 129, and 
135 operators may be able to 
use these minimums if CL 
(runway centerline lights) and 
RCLM (runway centerline 
marking) are available. If these 
requirements cannot be met, 
the minimums in the column 
immediately to the right must 


The best opportunity runways 

are shown on the far left. 

Runways with the same 
minimums are listed together. 


JEPPESEN 


With Mim E oe of P 
400’/NM to 300’ Other 
Vis Ref 


Teel = 
zsa ai 


Vis Ref 


Minimums can vary depending These columns list the standard minimums for Part Wil, WES, 2S. 
on the number of aircraft engines. 129, and 135 operators. Below standard minimums may be as low 


as the values shown in the columns to the left for the respective $ 
runway(s). The extent to which an airplane can be operated below 
the standard minimums depends on the operator's procedures 
(operations specifications), type of aircraft, and crew qualifications. 


To use the minimums in this column, an appropriate visual 
aid (as listed in Jeppesen's legend) must be available to 
ensure adequate visual reference so the takeoff surface can 
be continuously identified and directional control can be 
maintained during the takeoff run. If the requirements cannot 
be met, the minimums in the column immediately to the right 
must be used. 


You would have to comply to these nonstandard 
minimums if you wanted to takeoff on Runway 
34 and cannot maintain a climb gradient of 
400 feet per n.m. to 300 feet MSL. 


Có NE-1, 23 APR 


Y TAKE-OFF MINIMUMS AND DEPARTURE PROCEDURES 


NOS publishes nonstandard minimums 

at the front of the Terminal Procedures 

Publication for the associated airport. PROVIDENCE, RI 

NOS alerts pilots to the existence of § THEODORE FRANCIS GREEN STATE 
nonstandard minimums by including a Y TAKE-OFF MINIMUMS: Rwy 34, 300-1 or std. with 
on the approach chart for the airport. igh tit nl 


Figure 4-7. In addition to the nonstandard takeoff minimums NOS publishes, Jeppesen also includes non- 
standard minimums applicable to some commercial operators. Although these minimums do not specifically 
apply to private aircraft operating IFR under FAR Part 91, good judgment dictates that you use the standard 


(or higher) minimums as your guide. 


STANDARD INSTRUMENT 
DEPARTURES 


SIDs are coded departure routes established to expedite departures at airports with a 
large volume of traffic. In general, they are intended to simplify clearance delivery 
and departure procedures for both you and air traffic control. If you are operating 
from an airport where SIDs are published, you can expect to have a SID routing 
included in your ATC clearance. Your acceptance of a SID is not mandatory, but you 
must advise ATC if you do not wish to use one. The recommended procedure is to file 
415 


DEPARTURE 


w| CHAPTER 4 


NO SID in the remarks section of 
your flight plan. The least desirable 
method is to advise ATC verbally a. 
when the SID is assigned. If you procedure or at least the textual deseripip 
wish to fly a SID, you must have in your possession; otherwise, you should 
either the charted procedure or at file NO SID in your flight plan. 
least the textual description of the l 

appropriate SID in your possession. 

[Figure 4-8] 


If you file for this SID, you JEPPESEN 
cannot depart Runway 7. ~ ZT e : 


SID 


Jeppesen moct (10-3A) 
#SPOKANE Departure 124. 9 
SALT LAKE Conter (R) 133.4 when Dep Inop. 


MZULA ONE DEPARTURE (MZULA1.MZULA) (PILOT NAV) 
(RWYS 11, 25, 29) (RWY 7 NA) (DME REQUIRED) 


This SID requires a minimum climb gradient TRANSITIONS 
of 400’ per NM to 11000‘. Missoula (MZULA1.MSO): From MSO A-155 


to MSO VOR: Via MSO R-155, leaving MSO 
[Gna speed-Kts | 75 [100] 150 | 200 | 260 | 300 | R-155 at 7800’, climbing LEFT turn direct, 
[400° per NM__[500]667|1000/1333[1667 [2000] VOR at or above 10000. 


DEPARTURE 
Rwy 7: Not authorized. 
Rwy 11: Cilmbing RIGHT 


MISSOULA, MONT 
MISSOULA INTL 


MISSOULA 
® 112,8 MSO 


if you depart Runway 25 or 29, the SID. ai Bia 
directs you to fly a heading of 110° to : = 
intercept the MSO 155° radial. If you 
take off on Runway 11, you still must 

intercept the MSO 155° radial, however j 
you do not have to fly a specific \ 


k To fly the Missoula Transition, you have 
heading to do so. 


to turn back to the MSO VOR/DME and 
climb to at least 10,000 feet MSL by the 
time you get there. When you arrive at 
MSO, you can proceed on course. 


VICTO 
: N46 34.7 W114 01.0 
ŞS T Abore 
N e$ At or above 
Sw” XS 1 1000" h 


NOT TO SCALE 


SALMON 
(MZULA1.LKT) 


SALMON 
Assar] 
N45 01.3 W114 05.1 


© JEPPESEN SANDERSON, INC., 1990, 1994. ALL RIGHTS RESERVED, 


CHANGES: See other side. 


Figure 4-8. To fly this SID, your aircraft must be able to achieve a minimum 
climb gradient of 400 feet per nautical mile to 11,000 feet MSL. 
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IFR DEPARTURE PROCEDURES 


In addition to SIDs, IFR Departure Procedures also are established when necessary 
for airports that have published instrument approaches. When you are using NOS 
charts, the IFR departure procedures are tabulated in the front of each Terminal 
Procedures Publication. [Figure 4-9] If you are using Jeppesen approach charts, the 
procedure is printed on the airport chart which is usually located on the reverse side 


of the first approach chart for each airport. At larger terminals, the airport chart may 
be printed on a separate sheet. 


An IFR departure procedure, unlike a SID, is not assigned as a portion of your IFR clear- 
ance unless it is required for separation purposes. In general, it is your responsibility to 


Yy TAKE-OFF MINIMUMS AND DEPARTURE PROCEDURES V 


057 


i INSTRUMENT APPROACH PROCEDURE CHARTS 
V IFR TAKE-OFF MINIMUMS AND DEPARTURE PROCEDURES 


Civil Airports and Selected Military Airports x K 
CIVIL USERS: FAR 91 prescribes take-off rules and establishes take-off minimums for certain operators as follows: (1) 
Aircraft having two engines or less - one statute mile. (2) Aircraft having more than two engines - one-half statute mile. 
Airports with IFR take-off minimums other than standard are listed below. Departure procedures and/or ceiling visibility A 
minimums are established to assist all pilots conducting IFR flight in avoiding obstacles during climb to the minimum A 
enroute alttude Take-off minimums and departures apply to all runways unless otherwise specified. Altitudes, unless“. 
otherwise indicated, are minimum altitudes in feet MSL. 
MILITARY USERS: Special IFR departures not published as Standard Instrument Departure (SIDS) and civil take-off 
minima are included below and are established to assist pilots in obstacle avoidance. Refer to appropriate service 
directives for take-off minimums. 


So, a 
A S 
Noyu sin 


So, ec 


%, a 
Ament OF oom 


SITKA, AK 

| SITKA ROCKY GUTIERREZ 

TAKE-OFF MINIMUMS: Rwy 11, Category A and 
Category B 1500-2 or std. with min. climb of 390° per 
NM to 1600°. Category C and Category D 2800-2 or 
std. with min. climb of 550° per NM to 3100. 

DEPARTURE PROCEDURE: Rwy 11, turn night as 

soon as practical to heading of 215° Rwy 29, turn 

| left as soon as practical, intercept the BKA R-350 or 

SIT 170° bearing to BKA VORTAC or SIT NDB. 

Continue climb on course. 


Figure 4-9. While these IFR Departure Procedures are not depicted graphically, the intent is the same 
as a SID — to ensure obstacle clearance and a safe transition from takeoff to the IFR enroute structure. 


determine if one has been established, then comply with it. In IFR conditions, the depar- 
ture procedure is the only method of ensuring terrain and obstacle clearance. However, 
if the weather is VFR, you can expedite your departure by requesting a clearance to 
climb in VFR conditions from the appropriate ATC facility. This relieves you from flying 
the entire IFR departure procedure, although you are then responsible for your own ter- 
rain clearance and traffic separation during the climb. When a clearance is issued to 
climb in VFR conditions, the controller may abbreviate the term by saying, “. . . climb 
VFR, .. .” and if required, “. . . climb VFR between 4,000 and 10,000.” If there is reason 
to believe that flight in VFR conditions may become impractical, your clearance also 
may provide for that possibility. 


RADAR DEPARTURES 


A radar departure is often assigned at radar-equipped approach control facilities and requires 
close coordination with the tower. If your flight is to be radar vectored immediately after take- 
off, the tower will advise you of the heading to be flown, but not necessarily the purpose of the 
heading. This type of advisory will be issued to you either in your initial IFR routing clearance 
or by the tower just before takeoff. Once you have received your takeoff clearance, you should 
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understand that coordination of your flight is the responsibility of the tower controller. After 
you are airborne, you can expect a handoff to the departure controller. [Figure 4-10] 


i “Citation 7CJ, roger, turn left he 
1 180°. climb and maintain 5,000. Cleared 
| for takeoff.” 


& i f ji |} itis important that you wait until you are 
;— i instructed by the tower to contact 
‘Citation 337CJ, Tower, after takeoff |) | departure control. This helps prevent 
turn left heading 180°, climb and 5 F | complications during the handoff and 
maintain 5.000. Cleared for takeoff.” is =| confusion with respect to your position. 


“Citation 7CJ, contact Lansing Ee E 
Departure on 125.9." F 
L " 


= ii oranana 


| passing 2,000, climbing to 5,000.” 
| On your initial call to departure 
j control, you should provide the 
ie. altitude you are climbing through and 
“Citation 7CJ, Lansing Departure, roger, ; P" the altitude to which you are 
i radar contact.” ™ | climbing. If your reported altitude 
| This means your aircraft is identified on the : a all į and the radar display correlate, your 
j] radar display and you can expect radar r : | Mode C altitude readout can be used 
service appropriate to the airspace in which E p ~ | for separation. 
you are operating. Terrain and obstruction : 
clearance remains your responsibility until Ẹ : | ; 
f the controller begins to provide navigational $ o i ee 
{| guidance in the form of radar vectors. C “Citation 7CJ, roger, turn left heading 
i 160°, climb and maintain 11,000.” 


“Citation 7CJ, Departure, turn left i —— 
i heading 160°, climb and maintain i E “Citation 7CJ, roger, turn left heading 
1 711,000.” ~ 140° and intercept V170.” 
| You can expect to be vectored out of E | n : 5 
] the terminal area to a point where 
| you can intercept your assigned 

route. 


| “Citation 7CJ, turn left heading 

4 740°, intercept Vv170, resume own 
navigation.” 

į This indicates that the controller is no 

jy longer providing radar vectors and 
expects you to intercept and continue on 
course using your navigation equipment. 
The phrase “. . . resume own navigation,” 
does not negate radar separation 


ion m A 1 a ir i i 
mt * 4-10.A red d parture may be a good alternative to a published departure procedure. This can be particularly 
rue when none of the available departure procedure invenient for vour C f fli mumis 
. e vailabi parture procedures are convenient for your planned route of flight. 


DEPARTURE PROCEDURES SECTION B Ca 


In certain circumstances, you may be issued a ' 
vector which takes your flight off a previously | h mE you w not 
assigned route. When this occurs, you will be Ql: contact dep ane HL ad 
advised briefly what the vector is to achieve. re ne toner 7 
Generally, it is issued for weather avoidance, ‘ i 


terrain clearance, or traffic separation. Radar 

service will be provided until your aircraft has been reestablished on course and you 
have been advised of your position. In some cases, a handoff may be made to another 
radar controller with continuing radar surveil- 
lance capabilities. If you feel that any vector is 
given in error, you are encouraged to question the 
controller and verify the purpose of the vector. In 
addition, you should maintain orientation to your 
present position at all times so you are prepared 
to resume your own navigation, if necessary. 


k zur i 


: (0) 
i onaran 


| The term “radar contact” is used by ATC to 

advise you that your aircraft has been iden- 
} tified and radar flight following will be pro- 
til radar identification has been terminated. 


If radar contact is lost for some reason, you can 
expect the controller to request additional 
reports from you in order to monitor your 
flight progress. These requested reports may 
include crossing a particular navigation fix, 
reaching an altitude, or intercepting and pro- 
ceeding on course. 


VFR DEPARTURES 


When conditions permit, you may be able to depart an airport under VFR and obtain 
your clearance from ARTCC after takeoff. However, you must remain aware of your posi- 
tion relative to terrain and obstructions. In addition, you should always maintain VFR 
conditions until you have obtained your IFR clearance and have ATC approval to pro- 
ceed on course in accordance with the clearance. If you accept a clearance while below 
the minimum altitude for IFR operations in the area, you are responsible for your own 
terrain/obstruction clearance until you reach that altitude. 


SELECTING A DEPARTURE 
METHOD 


As you prepare to depart an airport on an IFR flight, you should assess the situation and 
determine which type of departure is best suited for your circumstances. After analyzing 
the type of terrain and other obstacles on or in the vicinity of your departure airport, you 
should determine whether a departure procedure and/or SID is available. If one exists, 
does it allow you to proceed expeditiously on your route? If not, does departure con- 
trol/center have the ability to provide you with a radar guided departure? Does the 
weather and terrain allow you to initially depart VFR? Once you have answered these 
basic questions, you will be ready to select a course of action, familiarize yourself with 
the associated procedures, obtain your IFR clearance, and execute your departure. 
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Like Ships Passing on the Potomac 

Development of radio detection and ranging, commonly referred to as radar, began as early as 1922. 
Researchers at the Naval Aircraft Laboratory in Washington, D.C. observed radio signals reflecting from ships 
passing in the Potomac River. [Figure A] Reports on radio echo signals from moving objects led to British involvement with 
radar in 1935. In 1940, MIT Radiation Laboratory, in conjunction with the British Tizard Mission, mounted a crash program 
to make microwave radar sets for British night fighter airplanes. These efforts led to further developments such as the mili- 
tary Identification of Friend and Foe (IFF) system, and a talk-down blind landing system for aircraft called Ground 


Controlled Approach (GCA). 


The prototype GCA used microwave radar which provided airplane coordinates to a small analog computer called a direc- 
tor. The director compared the coordinates to those of an ideal glide path and developed error signals on meters moni- 
tored by the controller. The controller would give the pilot right-left steering instructions and adjustments to rate of descent 


until the pilot could see the runway and land. 


One of the most spectacular successes for GCA occurred when the Russians blockaded Berlin during the rainy fall and 
winter of 1948. With all road, rail, and canal links to West Germany severed, a military GCA set operated around the clock, 
bringing in a steady stream of planes carrying thousands of tons of food and fuel. Figure B shows one such aircraft, a_ | 
Douglas C-54, flying a relief mission during the Berlin Air Lift. In the end, the GCA was credited for making the airlift suc- 


cessful and breaking the blockade. 
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VERTICAL SITUATIONAL AVARENE SS 


During a recent 26-year period, more than 50% of the business aircraft accidents which resulted in fatalities 
occurred when the pilots unknowingly flew their airplanes into the ground. Over two thirds of these controlled 
flight into terrain (CFIT) accidents resulted from a Jack of vertical situational awareness on the part of the crew. As you 
make a decision about what type of departure to use, you should not only consider the procedures, but also why the pro- 
cedures exist. 


Suppose you plan on departing Reno/Tahoe International Air- 
port’s Runway 16R on an IFR flight to the south. If you were to 
use the IFR Departure Procedure, you would need to fly to the 


VOR east of the airport and climb in a holding pattern to a safe B 
altitude before proceeding on course. [Figure A] A more viable JEPpe mers see (10-58) SNe RENO, NEV 


RENO Departure (A) 119.2 RENO/TAHOE INTL 


WAGGE ONE DEPARTURE (WAGGE1.WAGGE) (PILOT NAV) 
(RWYS 16L/R) 


alternative would be to file for the WAGGE ONE DEPARTURE 
which allows you to continue southbound as long as you can 
maintain a minimum climb gradient. [Figure B] Using this depar- 
ture would not only simplify your clearance, but it would also 


= CAUTION: Intensive gilder activity. 
This SID requires the following minimum climb 
gradients. 
Rwy 16L: 440° per NM to 8000". 
Rwy 18: 400° per NM to 9700’. 


, . š j [and eneed-Kis | 75 | 100 x60 | 200] 250] 300] 
save you time and fuel. Neither option, however, would provide e eram ste te aa neer piee ies 
you with a picture of the surrounding topography. To develop ad 
your vertical situational awareness prior to departure, you may 
consult a variety of sources, including the Jeppesen area chart Rees te h 
[Figure C], and the associated sectional chart [Figure D}. l [e73 tuc] 


KS? 31.9 WEED 39.4 


Reno/Takoe lnti 
a2 


A IFR DEPARTURE PROCEDURE 
Rwy 7: NA. Rwy 16 L/R: Climb via IRNO LOC south course to 5500’, then climbing left turn direct 
FMG VOR. Rwy 25: Turn right, climb direct FMG VOR. Rwy 34L/R: Climb via IRNO LOC north course 
to 7500’, then climbing right turn direct FMG VOR. All aircraft cross FMG VOR at or above 8000". 
All aircraft climb in FMG VOR holding pattern (hold northeast, left turns, 221° inbound) to depart 
FMG VOR: R-260 clockwise R-170 at or above 10000', R-171 clockwise R-195 at or above 10500’, 
R-196 clockwise R-259 at or above 12000’. 


[2314.1 Hzn] 


NSD 34.0 w118 59.9 


SQUAW VALLI 
F = [2113.2 swe 
v = fe N39 10.8 W120 16.2 
Ss | 
{ D \ A 
N j 
Z ATIS 135.8 X 
OAKLAND WX-*2.0 
2,2 2.5-RENOD 
RENO NEV 
-¢Tahoo fnt) 


KRNO 4412-110 


TC RE prý 
A E 
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SUMMARY CHECKLIST 


/ Runway visibility value (RVV) is reported in statute miles or fractions of miles. 


/ Runway visual range (RVR) represents the distance you can expect to see down the 
runway from a moving aircraft. 


/ When RVR is out of service, convert published RVR values to visibility in statute 
miles. 


/ Prevailing visibility or RVR in the aviation routine weather report should normally 
be used only for informational purposes. The current visibility at the time of depar- 
ture is the value you should use for determining compliance with takeoff mini- 
mums. 


/ IFR takeoff minimums do not apply to private aircraft operating under IFR and Part 91, 
but good judgment should dictate compliance. 


/ Standard takeoff weather minimums are usually based on visibility. Greater than stan- 
dard takeoff minimums may be due to terrain, obstructions, or departure procedures. 


/ If you wish to fly a SID, you must possess the charted SID procedure or at least the 
textual description . 


/ IFR departure procedures are not assigned as a portion of your IFR clearance unless 
required for separation purposes. 


v During the IFR departure, you should not contact departure control until advised 
to do so by the tower. 


y Radar departures are often assigned at radar-equipped approach control facilities 
and require close coordination with the tower. 


V The term “radar contact” means your aircraft has been identified and radar flight 
following will be provided until radar identification has been terminated. 


Y During departure, terrain and obstruction clearance remains your responsibility 


until the controller begins to provide navigational guidance in the form of radar 
vectors, 


y “Resume own navigation” is a phrase used by ATC to advise you to assume respon- 
sibility for your own navigation. 


KEY TERMS 


Prevailing Visibility IFR Departure Procedure 
Runway Visibility Value (RVV) Radar Departure 


Runway Visual Range (RVR) 


DEPARTURE PROCEDURES 


QUESTIONS 


SECTION B i 


1. True/False. Runway visibility value (RVV) is normally reported in hundreds of feet. 


2. What is the statute mile equivalent of 1,600 feet RVR? 


3. True/False. IFR takeoff minimums do not apply to private aircraft operating under 
FAR Part 91, but good judgment dictates compliance. 


4. What is the recommended procedure if you do not wish to use a SID? 


A, 
B. 
C. 


Advise departure control upon initial contact. 
Enter NO SID in the remarks section of the IFR flight plan. 


No action is necessary, since ATC will not assign a SID unless you specifically 


request it. 


Refer to the POAKE ONE DEPARTURE to answer questions 5 through 9. 


PILOT NAV)(POAKE1. POAKE) 40 y 
OAKE ONE DEPARTURE sis4s (raj < SANTA TE MUNARE 


ATIS 128.55 
GND CON 121.7 


TAOS 
117.6 TAS TEs 
Chan 123 


N36. 36.53 W 105°54.38 


SANTA FE TOwER* 
119.5 (CT, 3 
ALBUQUERQUE CENTER 
132.8 346.35 


iD 
NAMBE 
N35°47.35' 


wW106°01.70" 


NOTE: DME required. 


CAUTION: Mountainous terrain ` 
all quadrants. 


NOTE: This SID requires a 
minimum climb of 220’ per 
NM to 11,000’ (550 FPM at — Ls 


SANTA FE 


150K, 733 FPM at 200K, 110.6 Sari iina 
916 FPM at 250K). Chen 43 


35°32.43' W106°03.90 


NOTE: Chart not scole. 


DEPARTURE ROUTE DESCRIPTION 
TAKEOFF RUNWAY 2: Climb on Runway heading to . 
TAKEOFF RUNWAY 20: Climbing left turn to... . 
TAKEOFF RUNWAY 33: Climbing right turn to heading 030° to... . 

. Intercept and proceed via SAF R-354 to POAKE DME fix. Cross 8 DME 
north of SAF VORTAC at or below 9,000’. Cross POAKE DME fix at or above 
10,000’. Thence via assigned (transition) or (route). 

SANTA FE TRANSITION (POAKE1.SAF}: From POAKE DME fix left turn direct 
SAF VORTAC. Thence via {assigned route}. Cross 18 DME north of SAF VORTAC 
at or above 11,000’, 


TAOS TRANSITION (POAKE1.TAS): From POAKE DME fix via SAF R-354 and 


V83 (TAS R-174) to TAS VORTAC. Thence via (assigned route). 


SANTA FE, NEW MEXICO 


-POAKE ONE DEPARTURE SANTA FE MUNI (SAF) | 


(PILOT NAV)(POAKE1.POAKE) %0 


443 SW-1, 23 APR 
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5. If your groundspeed is 150 knots, what rate of climb (in feet per minute) must you 
maintain to 11,000 feet MSL? 


6. If you takeoff on Runway 33, what heading should you fly to intercept the SAF 
354° radial? 


7. What is the required altitude when crossing the SAF 8 DME arc northbound? 


8. When flying the Santa Fe Transition, when must you be at or above 11,000 feet 
MSL? 


A. Atthe Santa Fe VORTAC 
B. Crossing the SAF 18 DME arc northbound 
C. Crossing the SAF 18 DME arc southbound 


9. When flying the Taos Transition, where do you intercept V83? 


10. True/False. IFR departure procedures are published for all airports where terrain 
and/or obstacles could compromise a safe departure. 


11. Where can you find IFR departure procedures published by NOS? 


12. True/False. IFR departure procedures are not assigned as a portion of an IFR clear- 
ance unless it is required for separation purposes. 


13. True/False. After the controller advises, “. . . radar contact,” you can assume that 
terrain and obstruction clearance will be provided. 


14. You have been vectored to an airway, and departure control advises you to “. . 
resume own navigation.” What is meant by this term? 


Radar service has been terminated. 

You are still in radar contact, but you must make position reports. 

You should intercept and maintain the airway centerline by use of your own 
navigation equipment. 


Ob > 


15. Assume that you depart an airport in VFR conditions and obtain your IFR clear- 


ance after takeoff. How long are you responsible for your own terrain/obstruction 
clearance? 
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Instrument/Commercial 
Part II, Segment 1, Chapter 5 — Enroute 


SECTION A 


ENROUTE AND AREA 
CHARTS 


The increase in the number of navaids and the complexity of the airway and airspace 
system has made specialized enroute charts a necessity for IFR flight. [Figure 5-1] In 
addition to helping you keep track of your position, enroute charts provide the informa- 
tion you need to maintain a safe altitude and ensure navigation signal reception. Area 
charts show major terminal areas in more detail, and are primarily used during the tran- 
sition to or from the enroute structure. You will see examples of both Jeppesen and NOS 
charts in this section. Each chart system has its own set of symbols, but you will find 
them simple to learn and interpret. While this coverage presents a general description of 
the symbols, be sure to familiarize yourself thoroughly with the legend for the charts you 
use, since chart enhancements and symbology improvements are ongoing. 


Figure 5-1. The federal air- 
way system has grown in 
complexity from the days of 
the four-course radio ranges 
to the present. 
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ENROUTE CHARTS 


In the United States, 18,000 feet MSL is the lower boundary of Class A airspace, so it is 
a convenient place to establish the division between the low and high altitude airway 
structures. Airways below 18,000 feet MSL are depicted on low altitude enroute charts 
and are called Victor airways. Those at and above 18,000 feet MSL and up to FL450 are 
shown on high altitude enroute charts and are called jet routes. 


This section concentrates on low altitude enroute charts, since most of your initial 
instrument flying will take place below 18,000 feet MSL. High altitude charts use simi- 
lar symbols, but show only the jet routes. 
Because aircraft using the jet route system 
are usually operating at higher speeds, these 
charts cover larger areas at a smaller scale. 
[Figure 5-2] 


Figure 5-2. Because of the smaller scale of high altitude charts, the entire continental U.S. is 
covered by six charts printed on three pieces of paper. 


Compared to WAC or sectional charts, the enroute chart is greatly simplified. Some of 
the symbols are similar, but most of the information depicted on visual navigation charts 
is missing from enroute charts. The topography features, contour lines, obstruction 
heights, roads, cities, and towns depicted on visual charts are not included on IFR 
enroute charts. In fact, the only surface features shown on enroute charts are major bod- 
ies of water and airports. Since you will usually follow airways between navaids, and 
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terrain and obstruction clearance is guaranteed by flying minimum IFR altitudes, much 
of the detail can be omitted to provide space for other information necessary for IFR nav- 
igation. [Figure 5-3] 
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Figure 5-3. This is the area around Nashville as it appears on a WAC chart and on a Jeppesen Low Altitude 
Enroute Chart. The scale of enroute charts may vary from one chart to the next, so be careful to use the 
correct scale if you measure distances with a plotter. 
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FRONT PANEL 


The front panels of both Jeppesen and NOS show the area covered by that chart. 


Although both chart systems present similar information, the area covered by individual 
charts varies. [Figure 5-4] 


L 
Although they do not appear on the = — 2a) E 
chart itself, state boundaries and/or EseEN vsto, M ai 
major cities are shown on the cover- 5 Ave JEPP } pos 
age diagram to help you find the e2 STATES „panTS y 
appropriate chart more easily. Jeppe- YNT DE ENROU Sinca 


sen uses gray shading on the front 
panel to show where area charts are } 
available. NOS shows cities that have \ 
area charts in black type. Time zone 
boundaries are included on both charts. | \» 
NOS uses a series of dots, while Jeppesen 
uses a series of Ts. 


can? 


Both NOS and Jeppesen furnish legends to 
help you interpret the symbols on enroute 
charts. Jeppesen provides a comprehensive 
legend in a separate introduction section. 
Most NOS charts have the legend right on 
the chart. You should maintain a working 
knowledge of chart symbology and review the 
appropriate legend periodically for updates 
and impiovements. 
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Figure 5-4. The front panel of this NOS chart shows 


PROCURE FROM: 


the whole lower 48 states, while Jeppesen shows an — "pal RMR OR, 
area somewhat larger than the chart. 4 acre eer ots tet oat 


NAVIGATION AIDS 


Since all airways are defined by electronic navigation aids, you will want to become 
familiar with the corresponding chart symbols. Note the similarities and differences in 
how the navaids are depicted on NOS and Jeppesen charts. 
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VOR — The VOR symbol on enroute charts is a small compass av 
rose. The pointer on the VOR symbol indicates magnetic north, li 
making it easier to measure bearings with a plotter. The center of 

the NOS symbol is similar to the VOR symbol used on WAC and i 


sectional charts. 
TACAN — Most TACAN stations without a collocated VOR can be 
used by civilian DME units. Jeppesen’s symbol, a serrated circle, T 


represents both TACAN and DME facilities. 


VORTAC and VOR/DME — Since these facilities are functionally 


identical for civilian users, Jeppesen uses a single symbol for both 
by simply combining the VOR and TACAN/DME symbols. NOS a) 
50% shows VORTAGs and VOR/DMEs by adding the familiar symbols X% £ 
18 from the WAC and sectional charts to the center of a compass rose. 0 ee 
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NDB — Nondirectional beacons are also shown with a magnetic 
north arrow to help you measure magnetic bearings with your i 
plotter. A smaller version of this symbol indicates a compass J 
locator beacon. On Jeppesen charts, compass locators are shown ie 
only when the facility provides an enroute function or TWEB J 
information. 


ILS Localizer — Localizer symbols are used to show ILS, MLS, 
LDA, and SDF facilities. NOS uses them only when they serve an 
enroute ATC function, but Jeppesen shows their availability to 
assist pilots with flight planning. On Jeppesen charts, when the 
facility serves an enroute function, the symbol has the frequency 
and identifier nearby in a round-ended box. The localizer back 
course is sometimes used to establish a fix, and is labeled as such 
on the chart. 


Q G _ 
On NOS S enroute charts, localizers sand 
back courses are shown only when they n 
; serve an enroute a function, 29 as T 
© 


establishing a fix or aa tell pog 
» aa 


Remote Communication Outlet (RCO) — This symbol is used for 


© FSS remote communication outlets (RCOs) when they are not © 
located adjacent to navaids or airports. 
Facility Information — This provides you with the name, fre- 
ZLE EANKAKEE, quency, and identifier of navigation aids. Morse code for the 
p KANKAKEE identifier is also provided to make recognition easier. On Jeppe- 
| MSN | sen charts, a box indicates that the facility is part of an airway, 


while off-airway navaid information is not boxed. On NOS 
charts, information on each navaid is boxed. A variety of other 
data may be shown by letters or symbols near the navaid symbol; 
a few minutes with the chart legend should acquaint you with 
the abbreviations. 


VICTOR AIRWAYS 


The V in Victor airways stands for VHF, because these airways connect VOR, VORTAC, 
and VOR/DME stations. When the first VORs were commissioned, airways between 
them were given the V designation to distinguish them from the established network of 
low frequency airways. The number of the airway indicates its general direction. Even- 
numbered airways usually run more or less east and west, while odd-numbered airways 
are generally oriented north and south, much like the Interstate highway system. When 
more than one airway shares a common route segment, all of the airway numbers are 
shown. Now, of course, the Victor airways dominate the domestic airway route structure, 


but low frequency airways defined by NDBs are still used in Alaska and along the 
Atlantic coast. 


The width of an airway is normally 8 nautical miles, 4 on each side of its centerline. 


When an airway segment is more than 102 nautical miles long, additional airspace is 
allocated. [Figure 5-5] 


ENROUTE AND AREA CHARTS 


Figure 5-5. When the airway extends more than 51 nautical miles from the nearest navaid, it includes the air- 
space between lines diverging at angles of 4.5° from the center of each navaid. These lines extend until they 
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intersect the diverging lines from the navaid at the other end of the segment. 


JEPPESEN 


Ta > 


t> = 


À 


> 


© 


[AFWOX] X 


Ll 


All distances on enroute charts are in nautical miles. On Jeppesen 
charts, a number in an outlined hexagonal box indicates total 
mileage between navaids. NOS uses the outlined box to show total 
mileage between navaids and/or compulsory reporting points. A 
number without an outlined box indicates the mileage between any 
combination of intersections, navaids, or mileage break points. 


A mileage break point is shown on a chart by a small x on the air- 
way. Generally, this symbol indicates a point on the airway where 
the course changes direction and where no intersection is desig- 
nated. It may also designate a computer navigation fix with no 
ATC function. 


Intersections are checkpoints along an airway that provide a means 
for you and ATC to check the progress of your flight. They are often 
located at points where the airway turns or where you need a posi- 
tive means of establishing your position. Intersections are given five- 
letter names, and the actual location of an intersection may be based 
on two VOR radials, DME, or other navaids, such as a localizer or a 
bearing to an NDB. Arrows are placed next to the intersection point- 
ing from the navaids that form the intersection. 


On Jeppesen charts, an intersection that can be defined by DME is 
indicated by an arrow with the letter D below it, while NOS uses 
an open arrow. If it is the first intersection from the navaid, the 
mileage is found along the airway as a standard mileage number. 


When it is not obvious, DME mileage to an intersection follows 
the letter D on Jeppesen charts. On NOS charts, it is enclosed 
within a D-shaped outline. This number represents the total dis- 
tance from the navaid to the fix, as you would see it on your DME. 
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Intersections and navaids are designated as either compulsory or 
noncompulsory reporting points. Noncompulsory reporting 
points are identified by open triangles, and position reports are 
not required, unless requested by ATC. A compulsory reporting 
point is identified by a solid triangle. In a nonradar environment, 
you are required to make a position report when you pass over 
this point. When a navaid is a compulsory reporting point, a black 
triangle is placed in the center of the navaid symbol. 


_ 
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The minimum enroute altitude (MEA) is ordinarily the lowest 
published altitude between radio fixes that guarantees adequate 
navigation signal reception and obstruction clearance (2,000 feet 


S in mountainous areas and 1,000 feet elsewhere). It is normally the 8 

lowest altitude you would use during an IFR flight on airways. 

You can generally expect adequate communication at the MEA, 

although it is not guaranteed. Although the MEA is defined as z 
E providing acceptable navigational signal coverage, under certain A 
’ circumstances the MEA may have a gap in signal coverage of up to % 


65 miles. These gaps are noted on Jeppesen charts with a symbol, 
and with the words MEA GAP on NOS charts. 


A minimum obstruction clearance altitude (MOCA) is shown for 
some route segments. On Jeppesen charts, it is identified by the 
letter T following the altitude. On NOS charts, an asterisk pre- 
cedes the altitude. The major difference between an MEA and a 
MOCA is that the MOCA ensures a reliable navigation signal only 
within 22 nautical miles of the facility; conversely, the MEA ordi- 
narily provides reliable navigation signals throughout the entire 
segment. Since you may not be able to receive the facility or nav- 
igate along the airway beyond 22 nautical miles, ATC will only 
issue the MOCA as an assigned altitude when you are close 
enough to the navaid. 
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When you are not following an airway, such as during a direct segment of an IFR flight, 
you are responsible for determining your own minimum altitude in accordance with FAR 
Part 91. Basically, you must remain at least 1,000 feet above the highest obstacle within a 
horizontal distance of 4 nautical miles from your intended course. In designated moun- 


tainous areas, the minimum altitude is increased to 2,000 feet and the distance from the 
5-8 
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There are dozens of instances every year when ATC computers go down, power fails, radar scopes go dark, or radio 
communications fail, leaving pilots without ATC guidance. In other cases, there may be gaps in radar coverage along 
your route of flight. Accepting vectors from controllers 
does not relieve you of responsibility for the safety of 
your flight. Sometimes controllers accidentally vector air- 
planes toward other traffic or terrain. You must maintain a 
safe altitude and keep track of your position, and it is 
your obligation to question controllers, request an 
amended clearance, or, in an emergency, deviate from 
their instructions if you believe that the safety of your 
flight is in doubt. 


Of course, keeping track of your altitude and position are 
basic elements of situational awareness, but sometimes 
you may feel that ATC has assumed some of your 
responsibility, particularly when things are busy or 
stressful. Until you fly with the airlines or corporate flight 
departments, you probably will not have equipment such 
as a ground proximity warning system (GPWS) and traf- 
fic alert and collision avoidance system (TCAS) on board 
to help you detect and correct unsafe altitudes and traffic 
conflicts. Because of this, be sure to keep careful track 
of your position and altitude, and pay attention to the 
locations of traffic arcund you. 


course remains the same. Remember to consider the range limitations of the navigation 
facilities and your communication requirements when you establish your minimum alti- 
tude. Both kinds of charts provide a minimum off-route altitude for each quadrangle of 
the latitude-longitude grid on the chart. NOS uses the abbreviation OROCA, for off-route 
obstruction clearance altitude, and Jeppesen uses MORA, for minimum off-route altitude. 
The concept is similar to the maximum eleva- 
tion figures (MEF) shown on sectional charts, 
except that MEFs show the approximate 
height of the highest terrain or obstruction in 
the quadrangle, while MORAs/OROCAs pro- 
vide 1,000 feet of clearance above the highest 
terrain or man-made structure within the 
quadrangle. As with MEAs, the clearance in 
mountainous areas increases to 2,000 feet. 


In mountainous areas where no other mini- 
mum altitude is prescribed, IFR operations 

must remain 2,000 feet above the highest 
obstacle within a horizontal distance of 4 nautical miles 
from the intended course. à 


Occasionally, it is necessary to establish a maximum authorized 

altitude (MAA) for a route segment. At higher altitudes, you might 

be able to receive two or more VOR stations simultaneously on the 

same frequency, making the signals unreliable for navigation. & 
é MAA is the highest altitude you can fly based on the line-of-sight S 
transmitting distance of VOR or VORTAC stations using the same = 
d frequency. It guarantees that you will only receive one signal at a 
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time on a given frequency. A maximum authorized altitude is 
shown on the chart with the letters MAA, followed by the altitude, 
either in feet or as a flight level. 


On the other hand, the minimum reception altitude (MRA) is 
the lowest altitude that ensures adequate reception of the navi- Va 


gation signals forming an intersection or other fix. The MEA pro- IDEAS 
A IDEAS MRA 3000 


MRA 3000 vides reception for continuous course guidance, but a higher 
altitude may be necessary to receive signals from the navaids off 
the airway being flown to enable you to identify a specific posi- 
tion. Operating below an MRA does not mean you will be unable 
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to maintain the airway centerline, only that you may not be able 
to identify a particular fix or intersection, On both Jeppesen and 
NOS charts, the letters MRA precede the minimum reception 
altitude. NOS also alerts you to an MRA by enclosing the letter R 
in a flag. 
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A bar symbol crossing an airway at an intersection indicates a 
change in MEA. This symbol can also be used to indicate a change 
in MAA or to show a change in the MOCA when an MEA is not 
published for the route. When you see this symbol, be sure to 
compare MEAs and MOCAs along the entire route and look for an 
MAA to determine the basis for the change. 
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When an MEA changes to a higher altitude, you normally begin 
your climb upon reaching the fix where the change occurs. If you 
are able to maintain a climb of at least 120 fpm, you should have 
adequate obstruction clearance. In some cases, rising terrain, 


obstacles, or navigation signal reception may dictate a minimum 
crossing altitude (MCA) at the fix. You must begin climbing prior on 
VIOLA 


A VIOLA to reaching the fix in order to arrive over the fix at the MCA. [Fig- 

ee ure 5-6] NOS uses an X enclosed in a flag to alert you to an MCA Mp6 (200K 
restriction. Do not confuse this with the flag symbol used to show 

| a minimum reception altitude (MRA). 


Jeppesen usually shows an MCA next to the intersection, along 
with the airway number, altitude, and direction. To reduce clutter 
around navaids, a reference number in a black circle on the facil- 
ity box is used to indicate MCAs. The MCAs are listed in a box 
nearby. [Figure 5-7] 
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Figure 5-6. When traveling in one direction, minimum crossing altitudes necessitate a climb before reaching the 
fix. In this example, eastbound flights at the lower MEA must climb before reaching the fix (NOS symbols shown). 
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A flag with an X signifies the MCA on NOS ba? ; e MAA, MCA, MRA, Moca, and MEA all 
charts. The altitude and applicable flight direction guarantee 1,000 feet of obstacle cle ance 
in non- mountainous areas. In designated 


appear near the symbol. Plan your climb so that 
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Figure 5-7. The circled 
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When you are following an airway, you normally change frequencies midway between 
navigation aids. However, there are times when this is not practical. When a change 
must be made somewhere other than the midpoint, a changeover point (COP) is estab- 
lished. [Figure 5-8] 


To help you make the transition between low altitude and high altitude airways, Jeppe- 
sen includes the high altitude enroute structure on low altitude charts. These airways 
are printed in green and include the 
appropriate jet route number. The MEA 
for all jet routes is 18,000 feet MSL, 
unless otherwise specified. 


Figure 5-8. During a flight between these VORs, the navigation signals cannot be received from the second VOR at 
the midpoint of the route, so a changeover point is depicted. COPs indicate the point where a frequency change is 
necessary and show the distance in nautical miles to each navaid. 


COMMUNICATION 


On Jeppesen charts, FSS communication frequencies are found above navaid facility 
boxes. Since these frequencies are always in the 120 MHz range, Jeppesen displays 
only the last two or three digits, thus 122.2 is shown as 2.2. NOS charts show the 
complete frequency. NOS uses a heavy lined box to indicate the standard FSS fre- 
quency of 122.2 MHz, listing other frequencies above the box, while Jeppesen 
includes 122.2 with the others. The emergency frequency, 121.5, is not shown on 
either Jeppesen or NOS charts, since it is 
normally available at all FSSs. 


An additional feature of Jeppesen charts is 
the identifier and frequency of the FSS offer- 
ing enroute flight advisory service (EFAS) in 
the area. If HIWAS or TWEB is available at a 
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D GPS: Sole Navaid in the 21st Century? 


The amazing accuracy, flexibility, and accessibility of the GPS system has prompted the FAA to plan the phaseout of 

existing ground-based navigation aids. Omega, a very low frequency long range navigation system, has already been 
turned off, and plans call for LORAN-C, VOR, NDB, and DME stations to be shut down eventually. The good news for the future is 
that pilots would only have to learn to use one kind of black box for all their navigation and approach needs. 


But what about the reliability of the satellite constellation and its signals? Of the 38 GPS satellites launched by the U.S. through 
1997, 12 have failed. Nonetheless, the spacecraft have proven themselves reliable and rugged, and there are usually three 
operational spares in orbit when a satellite is lost. The signal itself is subject to interference, both natural and man-made. Solar 
activity and ionospheric disturbances, accidental or intentional jamming, and even interference from other radios inside your air- 
plane can render the weak satellite signal unusable. GPS augmentation systems and newer dual frequency satellites should 


help solve some of these problems. Many users advocate maintaining elements of existing navaid systems as an adjunct and 
backup to GPS. 


Since airways link navaids, does that mean that future IFR enroute charts will be blank except for airports with their latitude and 
longitude coordinates? Hardly. Standardized GPS waypoints will likely replace many navaids and intersections, especially around 
busier airports. ATC communication frequencies and sector boundries will still be important, as well as boundries between air- 
space ciasses. Since MEAs would disappear with the airways, you could expect more terrain and obstruction information to enable 
you to find a safe altitude for your chosen course. 


particular facility, it is indicated above the box 
on Jeppesen charts. NOS places a small square 
in the upper left-hand corner of the facility 
box to indicate HIWAS is available, and a cir- 
cled T in the upper right-hand corner signifies 
a TWEB at the NAVAID. 


Most FSSs are able to use 122.2, as well as 
the emergency frequency, 121.5. Additional 
frequencies are shown above navaid boxes. 


The boundaries between air route traffic control centers (ARTCCs) are designated by distinc- 
tive lines on both Jeppesen and NOS charts, with the names of the controlling centers on each 
side. Remote communication outlets (RCOs) have been set up to provide adequate commu- 
nication coverage throughout the area served by the center. An RCO is shown with a box that 
lists the name of the center and the frequencies 

Both charts use distinctive lines to mark the used. NOS charts include the UHF frequencies. 
Rd edges of adjacent ARTCCs. Look for RCOs are also used by Flight Service Stations to 
ARTCC discrete frequencies in boxes with extend their area of COVERS An RCO not associ- 

the name of the controlling center. An RCO for an FSS ated with a navaid is shown with a thin-lined 


will have the name of the FSS and the frequency ina box. The name of the FSS and the appropriate 
communication box. See figure 5-9. t pE also are ica ees) 
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Figure 5-9. These excerpts of enroute low altitude 
charts from Jeppesen and NOS illustrate many of 
the most common symbols. 
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CHAPTER 5 


ENROUTE 


AIRPORTS 


Although there are many ways to classify airports, 
they are divided into two categories on instrument 
charts — those with a published instrument approach 
procedure and those without. If an airport has an 
instrument approach, Jeppesen prints the airport 
symbol and related information in blue. In addition, 
the city and state name are in capital letters. Airports 
without an approach are printed in green, using upper and lower case letters. NOS also uses color 
to distinguish between the two types. Airports with an instrument approach are printed in blue 
or green; airports without an instrument approach are printed in brown. [Figure 5-10] 


Basic information about each airport is por 

Rd  trayed on enroute charts using symbols 

| from the chart legend. Additional informa- 

tion about airports with instrument approaches is found 
on the end panels of the chart. 
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helicopter use only. 
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of feet. The longest runway is 
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Figure 5-10. Jeppesen and NOS provide basic information about each airport, such as field ele- 
vation and length of the longest runway. Note the differences in how some information is por- 
trayed; for example, Jeppesen shows airports without instrument approaches in green, while 
NOS charts them in brown. Additional information about airports with instrument approaches 
can be found on the end panels of both Jeppesen and NOS charts. 
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ENROUTE AND AREA CHARTS 


as ere erecta 


AIRSPACE 


Within the contiguous United States, all airspace at and above 14,500 feet MSL, exclud- 
ing the airspace within 1,500 feet of the ground, is controlled airspace. Below this alti- 
tude, the airspace may be either controlled or uncontrolled. Both Jeppesen and NOS use 
color to indicate the different types of airspace. Areas in white show controlled airspace, 
which includes Class B, C, D, and E airspace. Uncontrolled airspace, Class G, is shaded 
gray on Jeppesen charts and brown on NOS charts. 


SECTION A 


Class B airspace is outlined on Jeppesen charts by a maroon shaded band with the letter 
B repeated at intervals around the inside. The altitude limits for the various sectors also 
are shown. Class C is shown with a blue shaded outline 

with the letter C. NOS uses solid blue lines filled with light 4 
blue shading to identify Class B, and blue shading with a 
broken blue outline to denote Class C. In addition, Mode C 
areas are shown on NOS charts with blue and white stripes. 


The letter C or D in a box following the airport name indicates Class C or D airspace on 
NOS charts. Jeppesen charts show the outlines of Class D and Class E airspace with a 
dashed blue line and the appropriate letter. An asterisk indicates that the airspace classi- 
fication is part time, and a tabulation elsewhere on the chart shows the effective hours. 
Areas where fixed-wing, special VFR clearances are not available are outlined with small 
squares in either maroon or blue on Jeppesen charts. NOS follows the convention of sec- 
tional charts, placing the notation NO SVFR above the airport name. 


On Jeppesen charts, prohibited and restricted areas have maroon hatched outlines, 
while warning, alert, or military operations areas have green hatching. NOS uses blue 
hatching around the edges of all special use airspace except military operations areas, 
which are shown with brown hatched edges. Military training routes (MTRs) also are 
depicted on NOS low altitude enroute charts. [Figure 5-11] Information concerning each 
area is listed in or near the airspace, or it can be found in tabular form on a chart panel. 
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Figure 5-11. Although these examples do not show all types of controlled and special use airspace, 
they give you an idea of the differences between the NOS and Jeppesen portrayals. 5-17 


Class D Airspace asterisk indicates part-time 
terminal airspace hours, which are tabulated 
on another part of the chart. 


ENROUTE 


CHAPTER S 


5 APIS D LY Nye" 0270" wi22°02.7)" 
127.8 353.5 & Yo 


LL j AS ys 


S 
T 


SONA, 

UESAC Oh 
gi 
S 

Nornygsn 


OAKLAND 
1116.8 OAK 11 
NIT" 43,56" WIZZ*13 42" 


I No Special VFR fa >$ Oakland inh 
Ses F . éL 10 n% 
ae we s, 1A) 133.775, 7° & 


e 
Hayward [DJ* NN 
Air eo 
(A) 135.4519 8.85 < 47 © 50 
n 135.8 174.7 {A) 126.7 


L 076 


3 PS z v30) 6500 SE 
5 p y SAN FRANCISCO | P A 
SAN FRANCISCO INTL - s 
S sa Y 11.7 -GWQ Bas {P 
io A 872 
5 5 f: 


D 
ke 


Ag 


á 


f 


ow 


AN FRANCISCO 
Class (B) 


(UPPER LIMIT 8000) 2% 


2.35-OAKLAND 
MT TAMALPAIS 


z SAUSALITO —y gaot > 
116.2 SAU i 3842’ "N > 


| No Special VFR 
¥ 


SUTRO 


| , AN 
3) Cid — gatya &. Bee i Mi 74 
A YO 250 Focon E CARI ze KIS my e 
SSON ee a Metro Oni una A. KLVK 397-52 ie 
e batt ia LX 3 
| = kF. l 
| A ATIS 126.7 A 
A YWARD | 
: . wa A 
į Class CIb ca ry 


= 
“Hs DN > A S MCA 
wre Ley K w’ AUN ad ia 

p i N37 34.3.: S "d Ke] pe E 

. as bes iia 6 a Sao “of NG ae” & GEN 0930 E 

E3 * TaD ae 
15 as a 2 Te fg ALN n T ~ 
uT Á f KNA a IMPLY A Sag “és 
LOC-DME RAG) . ia a, Co, SBS j g 
109.55 15FO Aah Í aa a oS 


Figure 5-12. Compare these excerpts from the NOS and Jeppesen area charts for San Francisco. 
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Near several major air traffic hubs, the density of information on the enroute chart can 
make it difficult to read and interpret. Area charts are created to portray these locations 
in a larger scale, to improve readability and provide more detail. You might think of these 
charts as the IFR equivalent of VFR Terminal Area Charts. Area charts do not provide 
approach or departure information, but can help with the transition from departure to the 
enroute structure, and from enroute to approach. Even when flying enroute, you should 
always refer to area charts to navigate through their coverage areas, since they provide 
important information that may not be shown on the enroute chart. [Figure 5-12] 


ENROUTE AND AREA CHARTS . SECTION A 3 


Area chart coverage is shown on both the front panel and the face of enroute charts. On 
the front panel, Jeppesen uses a gray screen tint to show the actual area covered by area 
charts, while NOS prints the names of cities with area charts in black. On the faces of 
both Jeppesen and NOS enroute charts, a screened gray dashed line shows the area cov- 
ered by a separate area chart. On the enroute chart, the information within the outlined 
area may be limited. If your departure or destination airport is within the boundary, you 
should refer to the area chart for information on arrival and departure routes, speed linit 
points, and other handy information. 


Most of the symbology on area charts is the same as on enroute charts. Jeppesen includes 
several additional features not found on NOS area charts, for example, select area charts 
with terrain in excess of 4,000 feet above the main airport elevation may contain gener- 
alized contour information. Gradient tints in brown are used to indicate the elevation 
change between contour intervals, with lighter tints depicting lower elevations. Some 
spot elevations for high terrain may also be included. Keep in mind that this contour 
information does not ensure clearance around either terrain or man-made obstructions. 
Terrain contours are intended to help you orient yourself and visualize the layout of the 
terrain in the area. There may be higher uncharted terrain or man-made structures 
within the same vicinity. You must still comply with all minimum IFR altitudes dictated 
by the airway and route structure. [Figure 5-13] 


Figure 5-13. Within 

each contour inter- Rees 
val, terrain may 
exist up to but not 
exceeding the ele- 
vation of the next 
higher contour interval. These contours are provided only as an aid in orientation, and do not provide 
detailed terrain information. In certain cases, a high terrain reference point is portrayed, along with its MSL 
elevation, when the highest terrain point within the closed contour exceeds the closed contour elevation by 
more than 50% of the chart’s contour interval. DME arcs are included for situational awareness. 
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SUMMARY CHECKLIST 


/ Airways below 18,000 feet MSL are Victor airways. Airways at and above 18,000 
feet MSL are jet routes. 


/ Airways are 8 nautical miles wide within 51 nautical miles of a navaid. At dis- 
tances greater than 51 miles, the airway widens, and is defined by lines diverging 
at 4.5° from the center of each navaid. 


Y Intersections are defined by two navaids, or by a navaid and a DME distance. All 
intersections can be used as reporting points, Compulsory reporting points are 
charted as filled triangles. 


Y The minimum enroute altitude (MEA) generally guarantees both obstruction clear- 
ance and navigation signal coverage for the length of the airway segment. 


/ The minimum obstruction clearance altitude (MOCA) has the same terrain and 
obstruction clearance specifications as MEAs, and OROCAs/MORAs, but only 
promises reliable navigation signal coverage within 22 nautical miles of the facility. 


V To provide obstruction clearance when flying outside of established airways, NOS 
and Jeppesen provide off-route obstruction clearance altitudes on enroute low alti- 
tude charts. NOS uses the term off-route obstruction clearance altitudes (OROCAs), 
and Jeppesen calls them minimum off-route altitudes (MORAs). 


v The maximum area altitude (MAA) keeps you from receiving more than one VOR 
station at a time. 


V The minimum reception altitude (MRA) ensures reception of both of the navaids that 
establish a fix. Below the MRA and above the MEA you still have course guidance, but 
may not be able to receive the off-course navaid that establishes the intersection fix. 


J The minimum crossing altitude (MCA) reminds you to climb to a higher altitude 
prior to crossing a fix when rising terrain does not permit a safe climb after passing 
the fix. 


v A changeover point (COP) is established where the navigation signal coverage from 
a navaid is not usable to the midpoint of an airway segment. Instead of changing 
frequencies at the midpoint of the route segment, you should tune to the next 
navaid at the COP. 


v ARTCC boundaries are shown with distinctive lines on both Jeppesen and NOS charts. 


v Colors are used to differentiate between airports with approach procedures and air- 
ports without instrument approaches. 


v Class G airspace is uncontrolled and shown with gray shading on Jeppesen charts 
and brown shading on NOS charts. 


¥ Area charts are usually larger-scale depictions of major terminal areas. They should 
be referred to whenever you are in their coverage area, since they may show details 
that have been omitted from enroute charts. 


v High terrain is sometimes shown with gradient-tinted contours on select Jeppesen 
area charts. l 


ENROUTE AND AREA CHARTS SECTION A eC 


KEY TERMS 


Low Altitude Enroute Charts 

Victor Airways 

High Altitude Enroute Charts 

Jet Routes 

Mileage Break Point 

Intersections 

Noncompulsory Reporting Point 
Compulsory Reporting Point 
Minimum Enroute Altitude (MEA) 
Minimum Obstruction Clearance Altitude (MOCA) 
Maximum Authorized Altitude (MAA) 
Minimum Reception Altitude (MRA) 
Minimum Crossing Altitude (MCA) 
Changeover Point (COP) 

Remote Communications Outlet (RCO) 


Area Charts 


QUESTIONS 


1. True/False. Low altitude enroute charts generally depict localizers that have only 
approach functions. 


Match the following navaid symbols with the appropriate facility names. 


2. NDB / 
3. TACAN A. ©) 
4. Localizer r 
: 
5. VORTAC uw a 
6. VOR 
C. ea oF : 
1D). 
E. 
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7. What is the symbol for a noncompulsory reporting point on both NOS and 
Jeppesen charts? o KMOSA 
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8. True/False. A small black square in a VOR 
facility box on an NOS chart indicates that D 
the station broadcasts hazardous inflight 
weather advisory service (HIWAS) infor- 
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V30 at HIRED Intersection, you must be at 
6,000 feet MSL or more to receive LFD. 


12. True/False. Williams County airport has no 
approved instrument approach procedure. 


13. What is the MOCA on V221 between Litch- 
field VORTAC and Jackson VOR/DME? 
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Refer to the accompanying area chart excerpt to answer questions 14 through 16. 


14. When flying east from Las Vegas on V562, what is the minimum crossing altitude 
at MEADS Intersection? 


A. 6,000 feet 
B. 7,500 feet 
C. 9,000 feet 


15. True/False. The minimum altitude at which you can expect to receive usable navi- 
gation signals from LAS when crossing HARLS Intersection is 11,000 feet. 


16. What is the airspace class at the surface on North Las Vegas Airport? 
A. Class B 


B. Class D 
C. Class D (part time) 


5-23 


ENROUTE 


Before the days of nationwide radar coverage, enroute aircraft were separated from each 
other primarily by specific altitude assignments and position reporting procedures. 
Much of the pilot’s time was devoted to inflight calculations, revising ETAs, and relay- 
ing position reports within the airway structure. Today, pilots have far more information 
and better tools to make inflight computations easier, and, with the expanded use of 
ATC, position reports are only necessary as a backup in case of radar failure. Still, the 
enroute phase of an IFR flight involves more than simply flying the airplane from one 
point to another. Staying in communication with ATC, making necessary reports, and 
responding to clearances take up a good portion of your time. The rest should be devoted 
to monitoring your position and staying abreast of any changes to the airplane’s equip- 
ment status or weather. [Figure 5-14] 


Figure 5-14. ATC provides radar coverage over most of 
the United States, making the transition between one 
ARTCC facility and the next relatively seamless. By main- 
taining situational awareness while enroute and working 
with ATC, you set the stage for a successful flight, and are 
better prepared in case of an inflight emergency. 
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TO FILE OF NOT To Fle 


“(I) called for a weather briefing. Both San Francisco and Oakland (reported) 1400 feet broken and greater than 6 
miles visibility .. . pretty strong winds with a not-so-bad storm blowing through. | didn’t file an IFR flight plan when 
asked by the briefer as the weather sounded OK. The forecast was for improvement, although it had been slow in coming as of 
that time . . . during preflight (I) noticed mist forming. It was also getting humid. | didn’t think it could get foggy or misty with all of 
that wind. It seemed to be drizzling too. (I) departed Runway 30, and at about 300 feet, (I) started going through wisps of mist. . . 
(I) looked back and could see some lights along the bay. . .but nothing ahead. This was the last chance | had to stay anything 
near VFR. n. 


The pilot then flew out over San Francisco Bay, and tried to pick up a clearance. 


“They asked me to climb to no greater than 3500 feet in VFR conditions. | told them | was unable, but I could climb to 2000 feet 
(even though | was nowhere near VFR). . .| didn’t tell them the truth of course — I was so worried about getting in trouble. Within 
about 5 minutes or so | had the clearance. . .got a vector of 080° for VOR Runway 9R (at) Oakland. . .fumbling with my charts the 
whole time. What a night! Pilots: 
don’t do this to yourself, just file the 
IFR flight plan — you can cancel if 
you don't need it. And thank you, 
Bay Approach.” 


The pilot in this ASRS incident report 
may have felt that he could save time 
and avoid hassles by going VFR. 
However, filing IFR when weather 
conditions are marginal VFR nor- 
mally is the wisest and safest deci- 
sion. NTSB reports often show 
continued flight into marginal VFR 
conditions as a causal factor in 
weather-related accidents. The irony 
is that the pilots involved in these 
accidents are instrument-rated more 
times than not. 


ENROUTE RADAR 
PROCEDURES 


When you operate as pilot in command under IFR in controlled airspace, the FARs 
require you to continuously monitor an appropriate center or control frequency. After 
takeoff, your IFR flight is either in contact with a radar-equipped local departure control 
or, in some areas, an ARTCC facility. As your flight transitions to the enroute phase, you 
typically can expect a handoff from departure control to a center frequency if you are not 
already in contact with center. If you are using the tower enroute control procedure 
(TEC), you will receive a handoff from departure control to approach contro] at the next 
facility. The handoff between two radar facilities normally is a quick and simple proce- 
dure, but using the correct technique makes the process easier. 


COMMUNICATION 

As your flight leaves the departure controller’s airspace, either by radar vector or your own 
navigation, you will be instructed to contact the center. The instructions issued by the con- 
troller include the name of the facility, the appropriate frequency, and any pertinent 
remarks. When you receive instructions to change frequencies, you should acknowledge 
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the change by repeating it back to the controller. This readback also verifies that you under- 
stand the instruction and have received the correct frequency. [Figure 5-15] 


Figure 5-15. In addition to stating the facil- 
ity and frequency, the controller may issue 
specific instructions during the handoff. 


Your initial callup to the center 
should include the facility 
identification, your aircraft 
identification, altitude, and assigned 


"Cessna 5223E, contact Denver 
Center on 119.65.” 


or 

altitude. [Figure 5-16] When your trans- 

mission is received, the controller verifies "Cessna 5223E, contact Denver 

your position and compares your reported al 113165 eee 

altitude to that shown by your Mode C SO 

equipment. Once verified, the controller op 

acknowledges your transmission and 

states, “... radar contact.” You can now $ "Cessna 5223E, contact Denver 
t radar flight following and radar ser- ` Bees ont 18.60 and 

agate ae a 18 i 8 fe advise the controller of 

vices until you are advised, “... radar ©... your heading." 


“ 


.. . radar service termi- 


contact lost” or 


Figure 5-16. Your callup procedure to the center is basically the 
same as the one used when contacting departure control. 


If you make a required frequency 
change and the center does not 
acknowledge your callup, return to 
"Denver Center, Cessna 5223E, the previously assigned frequency. 


11,000. ARTCC facilities are subject to trans- 
mitter/receiver failures, though this is 
When you are climbing to an rare, and radio contact may be 
assigned altitude, you should momentarily lost. Each ARTCC fre- 

state your present altitude and uency has at least one back 
the ass d altitude. q y : Gene 
{ ee ae = transmitter and receiver which can 


A n b be put into service quickly, with lit- 
ano S pee tle or no disruption of service. Tech- 

nical problems of this type may cause 
a delay, but the switch-over process 
rarely takes more than one minute. 
Therefore, you should wait at least 
that long before deciding that the 
center’s radio has failed. If you cannot establish contact using the newly assigned fre- 
quency, return to the one previously assigned and request an alternate frequency. If 
you are still unable to establish radio contact, try again on any ARTCC frequency. Fail- 
ing that, contact the nearest FSS in the area for further instructions. 


REPORTING PROCEDURES 


In addition to acknowledging a handoff to another controller, there are reports that you 
should make without a specific request from ATC. Certain reports should be made at all 
times regardless of whether you are in radar contact with ATC, while others are neces- 
sary only if radar contact has been lost or terminated. 


RADAR/NONRADAR REPORTS 

Whether or not you are in radar contact, when you are cleared from an altitude to one 
newly assigned, you should report leaving the previous altitude. However, when you 
reach the newly assigned altitude, you are not required to report unless ATC requests 
you to do so. If you are operating on a VFR-on-top clearance, you should advise ATC 
of an altitude change. You should report your time and altitude upon reaching a hold- 
ing fix or clearance limit and report when you are leaving a holding fix or clearance 
limit. If you cannot continue your instrument approach to a landing, you must report 
missed approach and request a clearance for a specific action. You may request to pro- 
ceed to an alternate airport or try another approach. Changes in your aircraft’s perfor- 
mance also warrant a report. For example, you should notify ATC if you are unable to 
climb or descend at a rate of at least 500 feet per minute, or if your average true air- 
speed at cruising altitude varies by 5% or 10 knots (whichever is greater) from that 
filed in your flight plan. 


If you experience any loss of VOR, TACAN, ADF, low frequency navigation receiver 
capability, complete or partial loss of ILS receiver capability or impairment of 
air/ground communication capability, you are required by the FARs to advise ATC. 
This report should include your aircraft identification, the equipment affected, the 
degree to which your capability to operate under IFR in the ATC system is impaired, 
and the nature and extent of assistance you desire. ATC uses these reports to help 
regulate traffic and to avoid any conflicts which might develop. For example, if you 
lose your DME equipment, the controller will know that you cannot accept a hold or 
approach that requires DME 


at your destination. You also bá Z ry E2 aE Gas 
are required by regulation to T You should advise ATC when your air- > 
advise ATC if you encounter speed changes by 5% or 10 knots, >< 
weather conditions which whichever is greater. You should also 
, Pa : TE 
have not been forecast or inform ATC if your DME fails. 


hazardous weather, as well 
as any information relating 
to the safety of flight. 


NONRADAR REPORTS 

If radar contact has been lost or radar service terminated, the FARs require you to pro- 
vide ATC with position reports over designated VORs and intersections along your route 
of flight. These compulsory reporting points are depicted on IFR enroute charts by solid 
triangles. Position reports over fixes indicated by open triangles are only necessary when 
requested by ATC. If you are on a direct course that is not on an established airway, 
report over the fixes used in your flight plan that define the route. Compulsory reporting 
points also apply when you conduct your IFR flight in accordance with a VFR-on-top 


clearance. [Figure 5-17] 
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Figure 5-17. Whether your route is on airways or direct, 
position reports are mandatory in a nonradar environ- 
ment, and they must include specific information. A typical 
position report includes information pertaining to your 
position, expected route, and ETAs. Time may be stated in 
minutes only when no misunderstanding is likely to occur. 


There are several additional reports that you 
should make if you are not in radar contact with 
ATC. When it becomes apparent that an esti- 
mated time that you previously submitted to 
ATC will be in error in excess of 3 minutes, you 
should notify the controller. In addition, you 
should report the final approach fix (FAF) 
inbound on a nonprecision approach, and when 
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you leave the outer marker (OM), or fix used in lieu of it, on a precision approach. FAFs 
and other approach terms are covered in more detail in Chapter 7. [Figure 5-18] 
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Unforecast weather conditions or other information relating 
to the safety of flight (required by FAR 91.183) 


"Cessna 45132, leaving 8,000, climb to 10,000." 
"Cessna 45132, VFR-on-top, climbing to 10,500." 
"Cessna 45132, leaving FARGO Intersection. 


"Cessna 45132, missed approach, request clearance to 
Chicago." 


"Cessna 45132, maximum climb rate 400 feet per minute." 
"Cessna 45132, advises TAS decrease to140 knots." 
“Cessna 45132, FARGO Intersection at 05, 10,000, 
holding east." 

"Cessna 45132, ILS receiver inoperative.“ 


"Cessna 45132, experiencing moderate turbulence ~~ 
at 10,000." 
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Figure 5-18. You are assisting ATC in maintaining aircraft 


ar contact on a non- 
approach, report to ATC any 
ave a final approach fix 

al approach. 


separation by reporting changes in altitude, aircraft perfor- 
mance, and navigation equipment status, as well as by mak- 
ing position reports in the nonradar environment. 


ENROUTE NAVIGATION USING GPS 


Over the next several years, you will find global positioning system (GPS) receivers in 
more and more of the aircraft you fly. You may already possess a handheld version. In 
fact, the FAA plans to eventually phase out certain ground-based navigation systems, 
like VORTACs and NDBs in favor of the GPS system. Though only panel-mounted GPS 
units may be approved for IFR enroute flight, both the IFR and the VFR-only models are 
useful sources of additional information during instrument flight. A VFR-only GPS unit 
may be used as a reference, but never as the primary source of navigation under IFR. 


If you have a panel-mounted, IFR enroute-approved GPS, you may use it as your primary 
means of point-to-point navigation. However, your aircraft must be equipped with an 


529 


or CHAPTERS —— ENROUTE 


alternate means of navigation, such as VOR-based equipment, appropriate to the flight. 
Active monitoring of the alternate navigation equipment is not required if the GPS 
receiver uses receiver autonomous integrity monitoring (RAIM). Due to the traffic satu- 
ration in crowded airspace, such as in the northeast United States, you most likely will 
use the GPS to fly on published airways. In less congested areas, you may opt to file a 
direct route between published waypoints or those you program yourself. [Figure 5-19] 
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Figure 5-19. When using GPS for enroute, terminal, 


and some approach operations, you need additional to another, you should file the waypoint lati- 
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an tG nation. Center facilities possess maps of the 
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surrounding airspace, making location of a 
point in another center’s area difficult unless coordinates are provided. When flying 
direct, you should program an airway route into your GPS unit as a 
backup, since ATC can request a switch to traditional airways at any pa 
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GPS operation must be conducted in accordance with the FAA-approved aircraft flight 
manual (AFM) or flight manual supplement. Prior to using a GPS for IFR enroute flights, 
you must be thoroughly familiar with the particular GPS equipment installed in your 
aircraft, the receiver operation manual, and the AFM. Unlike traditional navigation 
equipment, such as the VOR receiver, basic operation, receiver presentation, and capa- 
bilities of GPS units can vary greatly. Most receivers have a simulator mode which 
allows you to become familiar with the equipment’s operation prior to using it in the 
aircraft. In addition, using the equipment in flight under VFR conditions prior to 
attempting IFR operation is advised. Reviewing appropriate GPS NOTAMs prior to a 
flight should alert you to any satellite outages. LORAN-C receivers, if approved for IFR 
use, may also be used in the same manner as GPS, though their future is uncertain. 


D Across the Pond 

, Since Charles Lindbergh made the first successful solo Atlantic crossing in 1927, advances in technology have made 
the overwater trip much less of an epic. Commercial airlines make the now routine trip daily, and the skies are busy 

enough that jets must follow specific routes across the Atlantic to keep them separated from traffic in the opposite direction. Since 

radar coverage does not extend over entire oceanic routes, pilots must resume position reporting in order to ensure the separation 

necessary for safety. 


A long flight out of range from land still requires careful preparation and consideration. For light aircraft, the trip is usually either 
completed for business reasons, to deliver an airplane to an overseas customer, or to fulfill a personal dream. Several contingen- 
cies need to be addressed. First, pilots need to carry an auxiliary fuel tank, as most production singles and light twins do not hold 
enough fuel for a safe reserve, even on the short- 
est leg. Then, pilots need to consider navigation. 
VOR and NDB stations are widely separated by 
featureless ocean. Pilots used to make the 
transatlantic journey using only dead reckoning 
and celestial navigation. Now, precise navigation 
is much easier through the use of GPS, LORAN, 
or self-contained navigation equipment such as 
inertial navigation systems. 


Light aircraft, however, rarely take a direct route. 
Pilots fly from Canada to Greenland, Iceland, and 
England on their way to Europe, depending on 
winds and weather. Some commonly flown routes 
below FL195 are shown in figure A. Transport 
Canada, which regulates all transatlantic flights 
departing from Canada, requires that aircraft carry 
immersion suits, a life raft, and a survival kit which 
provides a means for shelter, purifying water, and 
visual distress signal devices so that those who 
must ditch have a chance of survival in the 
Atlantic’s frigid water. The trip requires a lot from a 
pilot — long hours and the chance of bad weather 
somewhere along the way. Before you undertake a 
solo transoceanic journey, flying the first trip with a 
pilot who has experience in long-distance, 
overwater operations is the best approach. 
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SPECIAL USE AIRSPAGE 

With the exception of controlled firing areas, special use airspace areas are depicted on 
IFR enroute charts and should be considered during preflight planning. If your filed 
route of flight takes you through a restricted area that is active, ATC normally issues you 
a revised routing clearance which ensures that your flight avoids the affected airspace. 
ATC normally will not issue an IFR route clearance that crosses an active restricted area 
so if you can file a course that circumvents an active area, you may avoid rerouting. 
Inactive areas are often released for the appropriate FAA controlling agency to use, so if 
ATC issues you an IFR clearance (including a VFR-on-top clearance) which takes you 
through restricted airspace, such a clearance constitutes permission to penetrate the air- 
space. [Figure 5-21] 
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IFR CRUISING ALTITUDES 


FAR 91.179 provides information on IFR cruising altitudes. When operating under IFR 
in controlled airspace in level cruising flight, you must fly at the altitude or flight level 
assigned by ATC. For IFR flight in uncontrolled airspace, FAR 91.179 specifies altitudes 
which you must maintain based on your magnetic course. This hemispheric rule states 
that when operating below 18,000 feet MSL on a magnetic course of zero through 179° 
you must fly an odd thousand foot MSL altitude, and for courses of 180° through 359°, 
an even thousand foot altitude must be main- 
tained. Out of common practice, pilots normally 
file, and ATC usually assigns, IFR altitudes 
which agree with the hemispheric rule. How- 
ever, in controlled airspace, you may request 
and receive altitude assignments that do not 
comply with east/west rules. [Figure 5-22] 
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Figure 5-22. If you apply the 
hemispheric rule while flight plan- 
ning using this low altitude 
enroute chart, the highest usable 
altitude for a southwestbound IFR 
flight on V35 from the Morgan- 
town VORTAC to the Clarksburg 
VORTAC is 16,000 feet MSL. 
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If you are on an IFR flight plan below 18,000 feet MSL, and operating on a VFR-on-top 
clearance, you may select any VFR cruising altitude appropriate to your direction of flight 
between the MEA and 18,000 feet MSL, that allows you to remain in VFR conditions. Of 
course, you must still report any change in altitude to ATC and comply with all other IFR 
reporting procedures. VFR-on-top is not 

authorized in Class A airspace. 


a -4 
When you cruise below 18,000 feet MSL, -Although you are on an IFR flight plar 
keep your altimeter adjusted to the current Rd _ when assigned a VFR-on-top clearance, 
setting, as reported by a station within 100 you should fly at an appropriata VFR cruis- 
nautical miles of your position. In areas ing altitude. 


where weather reporting stations are more 

than 100 nautical miles from your route, you 

may use the altimeter setting of a station that 

is closest to you. During IFR flight, ATC advises you periodically of the current altimeter 
setting, but it remains your responsibility to update your altimeter in a timely manner. 


At or above 18,000 feet MSL, you will be operating at flight levels, and the FARs require 
you to set your altimeter to 29.92. A flight level is defined as a level of constant atmos- 
pheric pressure related to a reference datum of 29.92 in. Hg. Each flight level is stated in 
three digits which represent hundreds of feet. For example, FL250 represents an altimeter 
indication of 25,000 feet. Conflicts with traffic operating below 18,000 feet MSL may arise 
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when actual altimeter settings along the route of flight are lower than 29.92. Therefore, 
FAR 91.121 specifies the lowest usable flight levels for a given altimeter setting range. 
[Figure 5-23] 
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Figure 5-23. As local altimeter settings fall below 29.92, a pilot operating in Class A airspace must cruise at pro- 
gressively higher indicated altitudes to ensure separation from aircraft operating in the low altitude structure. 


DESCENDING FROM THE 
ENROUTE SEGMENT 


As you near your destination, ATC will issue a descent clearance so that you arrive in 
the approach control’s airspace at an appropriate altitude. There are two basic descent 
clearances that ATC issues. ATC may ask you to descend to and maintain a specific alti- 
tude. Generally, this clearance is for enroute traffic separation purposes, and you need to 
respond to it promptly. Descend at the optimum rate for your aircraft, until you are 1,000 
feet above the assigned altitude. You should report vacating any previous altitude for a 
newly assigned altitude, and your last 1,000 feet of descent should be made at a rate of 
500 to 1,500 f.p.m. The second type of descent clearance allows you to descend “... at 
pilot’s discretion.” When ATC issues you a clearance at pilot’s discretion, you may begin 
the descent whenever you choose. You also are authorized to level off, temporarily, at 
any intermediate altitude during the descent. However, once you leave an altitude, you 
may not return to it. 


A descent clearance also may include a segment where the descent is at your discre- 
tion, such as “... cross the Joliet VOR at or above 12,000, descend and maintain 
5,000,” This clearance authorizes you to descend from the assigned altitude whenever 
you choose, so long as you cross the Joliet VOR at or above 12,000 feet MSL. After that, 


you should descend at a normal rate until you reach the assigned altitude of 5,000 feet 
MSL. [Figure 5-24] 


Clearances to descend at pilot’s discretion are not just an option for ATC. You may also 
request this type of clearance so that you can operate more efficiently. If you are enroute 
above an overcast layer, you may ask for a descent at your discretion, which would allow 


you to remain above the clouds for as long as possible. You may find this particularly 
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You are southbound on V333 at 13,000 feet MSL over the 
FIBKE Intersection, and ATC issues the following clearance: 


"Piper 1030P descend now to 11,000, cross JELLO at or 
above 7,000 feet, descend and maintain 5,000." 


Somorset-Pulaski Co- 
JT Wilson Pld 
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Figure 5-24, A descent clearance which spec- 
ifies a crossing altitude allows you to descend 
at your discretion, but only for that flight seg- 
ment to which the altitude restriction applies. 
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Descend promptly to 11,000 feet MSL upon 
receiving the clearance. Then, at your descretion, 
descend to cross JELLO Intersection at or above 
7,000 feet MSL. Once you reach JELLO, you 
must descend to 5,000 feet MSL. 
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important, for example, if 
the outside air temperature 
is conducive to icing condi- 
tions. Your request permits 
you to stay at your cruising 
altitude longer, in order to 
conserve fuel and avoid pro- 
longed periods of IFR flight 
in icing conditions. This type of descent also minimizes your exposure to turbulence, by 
allowing you to level off at an altitude where the air is smoother. 


SUMMARY CHECKLIST 


/ During a radar handoff, the controller may advise you to give the next controller 
certain information, such as a heading or altitude. 


J If you cannot establish contact using a newly assigned frequency, return to the one 
previously assigned and request an alternate frequency. 


Y You should make the following reports to ATC at all times: leaving an altitude, an 
altitude change if VFR-on-top, time and altitude upon reaching a holding fix or 
clearance limit, leaving a holding fix or clearance limit, missed approach, inability 
to climb or descend at a rate of at least 500 feet per minute, and change in true air- 
speed by 5% or 10 knots (whichever is greater). 
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Y You are required by regulation to report a loss of airplane navigational capability, 
unforecast or hazardous weather conditions, and any other information relating to 
the safety of flight. 


/ if radar contact has been lost or radar service terminated, the FARs require you to 
provide ATC with position reports over compulsory reporting points. 


/ The compulsory reporting points on a direct route include those fixes that define 
the route. 


/ The standard position report includes your identification, current position, time, 
altitude, ETA over the next reporting fix, the following reporting point, and any 
pertinent remarks. 


/ Inanonradar environment, you should report when you reach the final approach 
fix inbound on a nonprecision approach, and when you leave the outer marker 
inbound on a precision approach. In addition, a report is necessary when it 
becomes apparent that an estimated time that you previously submitted to ATC 
will be in error in excess of 3 minutes. 


y To use panel-mounted, IFR enroute-approved GPS as your primary means of point- 
to-point navigation, your aircraft must be equipped with an alternate means of nav- 
igation, such as VOR-based equipment, appropriate to the flight. 


Y Active monitoring of alternate navigation equipment is not required if the GPS 
receiver uses receiver autonomous integrity monitoring (RAIM). 


v ATC usually does not issue an IFR route clearance that crosses an active restricted 
area, but inactive areas are often released for use. 


V Though you may request and be assigned any altitude in controlled airspace, most 
pilots file flight plan altitudes that correspond to the hemispheric rule. 


v Lowest usable altitudes are specified for use above 18,000 feet MSL when the baro- 
metric pressure is below certain values. 


Y When you are given a descent clearance “.. . at pilot’s discretion,” you are autho- 


rized to begin the descent whenever you choose, and level off temporarily during 
the descent, but you cannot return to an altitude once you vacate it. 


KEY TERMS 


Position Report Lowest Usable Flight Level 
Compulsory Reporting Point Descent Clearance 

IFR Cruising Altitude At Pilot’s Discretion 

Flight Level 
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What does it mean when ATC advises you that your aircraft is in “ . , . radar contact?” 
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A. You can expect radar flight following. 
B. You no longer need to watch for other traffic, even if you are in VFR conditions. 


C. The controller no longer needs you to advise of any change in airspeed or per- 
formance. 


2. If you attempt to contact the center after a handoff from departure control, and you 
get no response, what action should you take? 


3. You filed a true airspeed of 130 knots. While enroute, you calculate your true air- 
speed to be 135 knots. Do you need to advise ATC? 


4. True/False. You do not need to report a malfunction of your ADF receiver to ATC if 
you are in radar contact. 


5. True/False. When you are operating VFR-on-top, you should report to ATC when 
you are leaving an altitude. 


6. What reports should you make only if you are in a nonradar environment? 


7. You are operating in a nonradar environment on a direct course that is not an estab- 
lished airway, Select the true statement regarding position reports in this situation. 


A. You should report over the fixes used to define your route. 

B. You should report your position to ATC every 30 minutes until radar contact 
has been reestablished. 

C. You do not need to report your position until you are established on a Victor 
airway over a compulsory reporting point. 
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8. You are on an IFR flight in Aztec 349OR, heading east on V2. Prior to reaching 
Dickinson, ATC advise you that radar contact has been lost. You are instructed to 
report ULLIN Intersection. Assuming the time is 1330, your groundspeed is 150 
knots, and you are cruising level at 9,000 feet MSL, give a position report to Min- 
neapolis Center over Dickinson VOR. 


9. If you apply the hemispheric rule, what is the highest usable altitude on an east- 
bound IFR flight on V2 between Dickinson VOR and Bismarck VOR? 
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10. Select the true statement regarding the use of GPS for IFR enroute navigation. 


A. You can use a handheld GPS unit as your primary means of navigation for an 


IFR flight. 
B. Your aircraft must be equipped with an alternative mode of navigation, such as 


VOR-based equipment, to use GPS as your primary method of enroute naviga- 


tion. 

C. It is not necessary to learn about the features of every different GPS unit you 
use since the operation, receiver presentation, and capabilities of every GPS 
model are basically the same. 


11. True/False. If the route filed on your IFR flight plan requires you to penetrate a 
restricted area, you must request a special clearance from the restricted area’s con- 


trolling agency. 


SECTION C 


HOLDING 
PROCEDURES 


Holding patterns are a method of delaying airborne aircraft to help maintain separation 
and provide a smooth flow of traffic. When the volume of traffic becomes overwhelming, 
or in the event of a radar failure, the need for holding patterns increases. There are a few 
areas that do not have ATC radar coverage, and holding patterns routinely help con- 
trollers manage the traffic in those areas. Holding patterns also are used when you reach 
a clearance limit, or may be required following a missed approach. There may be times 
when you will want to request a hold, for instance, when you need to climb to reach an 
assigned altitude, or when weather at your destination is improving and a few more min- 
utes might make the difference between diverting to an alternate and a successful land- 
ing at your destination. Thus, it is important that you know what is expected of you and 
how to properly execute this classic instrument maneuver. 


CAN HOLDING PATTERNS MAVE YOU DIZZY? 


Disorientation can occur at any time, but is more likely in low visibility or instrument condi- 
tions. In some cases, disorientation can be so severe that the pilot cannot control the aircraft. 
Instrument-rated pilots are just as susceptible as noninstrument-rated pilots. The frequent 
turns and continuous workload of flying a holding pattern in turbulent, windy conditions can create a prime 
environment for both vestibular and spatial disorientation. 


To minimize the risk in such situations, avoid rapid head movements, which can precipitate an attack of 
vestibular disorientation. This is where good cockpit management really helps. Arrange to have necessary 
charts and pilot supplies easily available. Think before you reach for the next chart, lean over to switch fuel 
tanks, or look for a dropped pencil. 


CHAPTER 5 E 


THE STANDARD HOLDING 
PATTERN 


Holding patterns are shaped like the oval racetracks you see on sectionals. In a stan- 
dard holding pattern, the turns are to the right, while a nonstandard holding pattern 
uses left turns. Below 14,000 feet MSL, a holding pattern is usually two standard-rate 
180° turns separated by 1 minute straight segments. Thus, with no wind, each circuit 
takes 4 minutes. Above 14,000 feet MSL, the straight legs are flown for 1 and 1/2 min- 
utes, so each trip around takes 5 minutes with no wind. For simplicity in this section, 
assume holding pat- 
terns below 14,000 
feet. The physical 
size of the holding 
pattern varies with 
your speed. Dis- 
counting the effects 
of wind, each circuit 
takes the same 
amount of time 
whether you fly fast 
or slow. [Figure 5-25] 


Figure 5-25. At 175 knots, the 
straight legs of the holding pattern 
are almost 3 nautical miles long 
with no wind. At 88 knots, the legs 
are about 1.5 miles long. It’s 
important to remember that the 
holding pattern is a time delay, so 
there is no advantage to flying any 
faster than necessary. Slowing 
down saves fuel and uses less 
airspace. 


Each holding pattern has a fix, a direction 
from the fix, and a line of position (NDB 
bearing or VOR radial) on which to fly one 
leg of the pattern. These elements, along 
with the direction of the turns, define the 
holding pattern. Each circuit of the holding 
pattern begins and ends at the holding fix. 
The holding fix may be an intersection, a 
navaid, or a certain DME distance from a navaid. The inbound leg of the pattern is flown 
toward the fix on the holding course. As you would expect, the side of the holding 
course where the pattern is flown is called the holding side. [Figure 5-26] 


holding pattern, and to the left in a non- 


RJ Turns are made to the right in a standard 
à standard holding pattern. 


OUTBOUND AND İNBOUND TIMING 


The challenge during holding is to make your inbound legs one minute long. Since it is 
difficult to predict the effects of wind, use the first trip around to find some approximate 
correction factors for subsequent circuits. Begin timing the outbound leg when you are 
abeam the holding fix. If you cannot identify the abeam position, you should start timing 


when you complete the turn outbound. After turning inbound, time your inbound leg to 
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Figure 5-26. The airspace is protected on the holding side. If the holding pattern is flown correctly, you are 
guaranteed obstacle clearance and separation from other air traffic. 


gauge the effect of the wind, and adjust the timing for subsequent outbound legs to 
achieve an inbound time of one minute. A longer inbound leg indicates that you should 
shorten the outbound leg, and vice versa. [Figure 5-27] 


If you find that the inbound leg of a holding pattern requires 45 seconds instead 
of 1 minute, you should lengthen the outbound leg. The normal procedure is to 
lengthen the outbound leg by the same amount that the wind has shortened the 
inbound leg, in this case 15 seconds, to bring your inbound leg time closer to 1 
minute. Continue to check the inbound timing and make outbound adjustments as 
necessary during subsequent holding pattern circuits. If the wind is blowing from 
the direction of the navaid, applying this rule will result in your second circuit 
being pretty short, but the third inbound leg should be very close to one minute. 


Tapert Figure 5-27. If you have a 
tailwind blowing you 
directly toward the 

navaid, you will need a 
longer outbound leg to 
make your inbound leg 
come out to one minute. 
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So Many Planes, So Little Time 


As air commerce expanded in the early 1930s, the rapid increase in the number of commercial, military, and private 
flights began to create traffic conflicts and congestion problems, so in July of 1936, the federal government teok over 
control of air traffic. Just as traffic lights delay some ground traffic in order to allow other traffic to move, pilots were often instructed 
to circle over a designated spot so that another airplane could complete its approach. By the early 1940s, part of the iai 
holding procedure called for pilots to fly along the right edge of the on-course signal to a radio range station so that depabing traf- 
fic could fly out on the other side of the same on-course signal. The holding pattern itself was flown between the holding fix and a 
point four minutes flying time away.Although different navaids have replaced the low frequency radio ranges and now radar covers 
most of the country, holding patterns are still used as backup procedures today. 


z= 


Sometimes DME distances are used 
instead of timing the inbound and out- 
bound legs. When DME is used, the same 
holding procedures apply, but the turns 
are initiated at specified DME distances 
from the station. The holding fix is on a 
radial at a designated distance. If you are 
asked to hold at a DME fix and the holding 
pattern lies between the DME fix and the 
navaid, remember that you are holding at 
the fix, not the navaid. Your inbound leg to the holding fix will be outbound from the 
navaid. [Figure 5-28] 


CROSSWIND CORRECTION 


If you fly your holding pattern without correcting for crosswind drift, you could inadver- 
tently stray from the protected airspace area or have difficulty coming back to the inbound 
course before passing the fix. To avoid these problems, use your normal bracketing and 
drift correction techniques to determine the amount of drift correction necessary during 
the inbound leg. Once you determine the wind correction angle (WCA) required to main- 
tain the inbound course, triple the correction for the outbound leg. [Figure 5-29] 
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|"... Bonanza 8394K, hold 
northeast of the 16 DME 
on the 030° radial of the 
`| StedmanVORTAC, five 
mile legs..." 


Figure 5-28. 
When holding at a 
DME or RNAV fix, 
the leg length will 
be specified by 
ATC. 


"... Viking 5786P, hold east of the 20 DME 
on the 265° radial of the Stedman VORTAC, 
5 mile legs..." 


Ground track with 
=a proper wind correction 


Ground track with 


A i \ proper wind correction 
> | 


No wind holding pattern 
Ground track without 
wind correction 


/ 


Ground track without 
wind correction 


Figure 5-29. Using insufficient wind correction on the out- No wind holding pattern 
bound leg causes the aircraft to over- or undershoot the 
course during the turn inbound. Tripling the inbound cor- 
rection on the outbound heading should give you room to 
intercept the inbound course again while remaining on the 


holding side of the course. 
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Things to Think About While Holding 


The first radio stations for aviation use were operated by the Post Office, and went into service in the early 1920s. 
DeHaviland mail planes could home on these beacons with primitive battery-powered direction finding receivers. 


In 1923, the lighted airway beacon system was begun, using electric or acetylene lamps. By 1941 there were 2,274 airway light 
beacons over 32,679 airway miles. 


The first four-course radio ranges began transmitting in 1929. These provided a specific on-course signal about 3° wide to define 
the airways. Terms like “radio beams” and “flying on the beam” entered the common vocabulary. Low powered marker beacons 
along the routes gave position fixes. That is why the white marker beacon indicator light in many older airplanes is labeled AIR- 
WAY. 


The first air traffic control facility was 
formed by four airlines in 1935 to coordi- 
nate their traffic around Newark, New Jer- 
sey. American, Eastern, TWA, and United 
worked together to provide separation for 
instrument traffic. When the government 
took over air traffic control a few months 
later, there were two additional centers, in 
Chicago, Illinois and Cleveland, Ohio. 
Runway numbering was not standardized Aa aus aeen on 
until the late 1930s. Before that, each air- 
port would number its runways as Num- 
ber 1, Number 2, etc., usually according 
to the order in which they were built. Many pilots felt that the new system based on magnetic headings was confusing, since the 
same runway now had two numbers, depending on which direction was being used. 


The first VOR airway was created in 1950, and within a few years there were more than 500 VOR stations. DME stations multiplied 
at a slower rate. As the new Victor airways were created, the radio ranges and lighted airways were dismantied. 


MAXIMUM HOLDING SPEED 


As you have seen, the size of the holding pattern is directly proportional to the speed of 
the airplane. In order to limit the amount of airspace that must be protected by ATC, 
maximum holding speeds have been designated for specific altitude ranges. [Figure 5- 
30] Even so, some holding patterns may have additional speed restrictions to keep faster 
airplanes from flying out of the protected area. If a holding pattern has a nonstandard 
speed restriction, it will be depicted by an icon with the limiting airspeed. If the holding 
speed limit is less than you feel is necessary, you should advise ATC of your revised 
holding speed. Also, if your indicated airspeed exceeds the applicable maximum hold- 
ing speed, ATC expects you to slow to the speed limit within three minutes of your ETA 
at the holding fix. Often pilots 
can avoid flying a holding pat- 
tern, or reduce the length of 
time spent in the holding pat- 
tern, by slowing down on the 
way to the holding fix. 


_ The maximum holding airspeeds for civil 

| aircraft are: 200 KIAS at 6,000 feet MSL 
and below; 230 KIAS from 6,001 feet MSL 
through 14,000 feet MSL; and 265 KIAS above 14,001 
feet MSL. 
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Maximum holding airspeed: 265 KIAS 
14,000 FEET MSL 


Figure 5-30. This diagram shows 
the maximum holding airspeeds 
in knots indicated airspeed 
(KIAS) for each altitude range. 


Maximum holding airspeed: 230 KIAS 
6,000 FEET MSL 


High Performance Holding 


The maximum holding airspeeds in figure 5-30 may be above the red line airspeed for the airplane you use for instru- 
: ment training, but in time your instrument flying may involve higher performance aircraft. Certain limitations come into 
play when you operate at higher speeds; for instance, aircraft do not make standard rate turns in holding patterns if their bank 
angle will exceed 30°. If the aircraft is using a flight director 
system, the bank angle is limited to 25°. Since any aircraft 
must be traveling at over 210 knots TAS for the bank angle 
in a standard rate turn to exceed 30°, this limit applies to 
relatively fast airplanes. An aircraft using a flight director 
would have to be holding at more than 170 knots TAS to 
come up against the 25° limit. These true airspeeds corre- 
spond to indicated airspeeds of about 183 and 156 knots, 
respectively, at 6,000 feet in a standard atmosphere. 


Since some military aircraft need to hold at higher speeds 
than the civilian limits, the maximum at military airfields is 
higher. For example, the maximum holding airspeed at 
USAF airfields is 310 KIAS. 


HOLDING PATTERN ENTRIES 


Three holding pattern entry procedures have been developed to get you headed in the 
right direction on the holding course without excessive maneuvering. The entry you use 
depends on your magnetic heading relative to the holding course when you arrive at the 
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fix, [Figure 5-31] The entries for standard holding patterns are shown. Entries to non- 
standard patterns are mirror images of those illustrated. 


To decide which entry to use, visualize your heading in 
relation to the holding course. These guidelines are 
intended to make your pattern entries as easy as possible. 
1 If you are within 5° of the boundary between two sectors, it 
is your choice which of the two entries to use. 


Tif your heading is between 090° and 
200°, a parallel entry is appropriate. 


TOV OR giggar : ar 
Holding Course: 090° Ri 


ae EE ERE 


H If your heading is between 020° and 090°, r 
"| use a teardrop entry. e - È 
| If your heading is more than 200° or less than 020°, use 
a direct entry. 


Figure 5-31. Entry sectors are established by imagining a line at 70° across the holding course. For example, if 
the holding course is the 090° radial from a VOR, the entry sectors are defined by a line through the fix coincid- 
ing with headings of 020° and 200°. 


DIRECT ENTRY 


The direct entry procedure is the most often used, because it can be applied throughout 
180°. When you use the direct entry, you simply fly across the fix, turn right to the out- 
bound heading, and fly the pattern. [Figure 5-32] 
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Figure 5-32. After you have passed the fix, simply turn right to a heading of 090° and time for 1 minute, then 
5-46 turn right again and intercept the 090° radial inbound. ' 
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TEARDROP ENTRY 
The teardrop entry, is similar to the direct entry, with the exception that after crossing 


the fix, you turn to a heading which is approximately 30° away from the holding course 
outbound on the holding side of the pattern. Once you are established on this heading, 
fly outbound for approximately 1 minute; then, turn right to intercept the holding course 
inbound, and return to the fix. This procedure is necessary to give you some maneuver- 
ing room for your turn inbound onto the holding course [Figure 5-33] 


Figure 5-33. This example shows that the initial heading of 060° positions the airplane away from the hold- 
ing course on the holding side, to allow sufficient room for the inbound turn. 


PARALLEL ENTRY 


The parallel 7 involves paralleling the holding course outbound on the nonholding 
side. After crossing the holding fix, turn the airplane to a heading that parallels the hold- 
ing course and begin timing for one minute. Then, begin a left turn and return to the fix or 
reintercept the course from the holding side and proceed to the holding fix. [Figure 5-34] 


Figure 5-34. In this example, make the first turn parallel to the outbound course using a heading of 090°. 
After one minute, make a left turn and return to the holding fix or intercept the holding course inbound. 
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VISUALIZING ENTRY PROCEDURES 
The key to easy holding pattern entries is to accurately visualize your position relative 
to the holding pattern before you arrive over the fix. Many methods have been invented 
to make this easier, including sketching the holding pattern on your aeronautical chart, 
using the wind side of a flight computer, employing the aircraft heading indicator, refer- 
ring to a holding pattern inscription on a plotter, or using specially designed pattern 
entry computers, Different pilots prefer different methods, but the value of any tech- 
nique depends on how well it helps you visualize the holding pattern and the appropri- 
ate entry. 


Here is a general rule of thumb which does not require any separate paraphernalia. Visu- 
alize your arrival over the holding fix. If the holding course is behind the aircraft when 
you arrive at the fix, a direct entry is usually appropriate. When the holding course is 
ahead and to the right of the aircraft, use a teardrop entry. If the holding course is ahead 
and to the left, make a parallel entry. You 
can apply this method to nonstandard 


iai pao eet res ° holding patterns by exchanging the paral- 
The entry procedure for a holding pattern lel and teardrop entry sectors. For non- 
D depends on our heading relative tothe ned standard patterns, the parallel sector is 


_ holding course. The oer ries | ahead and to the right, and the teardrop 
ê 


are shown in figure 5-31. . E z ' sector is ahead and to the left. The direct 
+s . 1 Oa ' entry sector is still behind the aircraft. 


[Figure 5-35] 


Figure 5-35. Visualizing your heading in relation to the hol 
ple, the 
correct. 
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; ] ding course clarifies which entry to use. In this exam- 
holding pattern is nonstandard, and the holding course is ahead and to the right, so a parallel entry is 
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ATC HOLDING 
INSTRUCTIONS 


When controllers anticipate a delay at a clearance limit or fix, you will usually be issued 
a holding clearance at least five minutes before your ETA at the clearance limit or fix. If 
the holding pattern assigned by ATC is depicted on the appropriate aeronautical chart, 
you are expected to hold as published, unless advised otherwise by ATC. In this situa- 
tion, the controller will issue a holding clearance which includes the name of the fix, 
directs you to hold as published, and includes an expect further clearance (EFC) time. 
An example of such a clearance is: “Cessna 1124R, hold east of MIKEY Intersection as 
published, expect further clearance at 1521.” When ATC issues a clearance requiring 
you to hold at a fix where a holding pattern is not charted, you will be issued complete 
holding instructions. This information includes the direction from the fix, name of the 
fix, course, leg length, if appropriate, direction of turns (if left turns are required), and 
the EFC time. You are required to maintain your last assigned altitude unless a new alti- 
tude is specifically included in the holding clearance, and you should fly right turns 
unless left turns are assigned. Note that all holding instructions should include an 
expect further clearance time. If you lose two-way radio communication, the EFC allows 
you to depart the holding fix at a definite time. Plan the last lap of your holding pattern 
to leave the fix as close as possible to the exact time. [Figure 5-36] 
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There are at least three items in a 
clearance for a charted holding pattern: 


e Direction to hold from the holding fix "Hold southeast 
e Holding fix of PINNE Intersection as published. 


e Expect further clearance time Expect further clearance at 1645." 
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A clearance for an uncharted holding pattern contains additional information: 


e Direction to hold from holding fix 

® Holding fix 

® The holding course (a specified radial, magnetic bearing, airway or route number) 
© The outbound leg length in minutes or nautical miles when DME is used 

è Nonstandard pattern, if used 

è Expect further clearance time 


Figure 5-36. Some elements of the 
holding clearance depend on 
whether the holding pattern is pub- 
lished on the chart. 


Gartield Cq Regional « aK 
5548 Ñ 70 a T 
G9 a 


"Hold west 
of Horst Intersection 
on Victor 8 


5 mile legs 
left turns 
expect further clearance at 1430." 


If you are approaching your clearance limit and have not received holding instruc- 
tions from ATC, you are expected to follow certain procedures. First, call ATC and 
request further clearance before you reach the fix. If you cannot obtain further clear- 
ance, you are expected to hold at the fix in compliance with the published holding 
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pattern. If a holding pattern is not charted at the fix, you are expected to hold on the 
inbound course using right turns. This procedure ensures that ATC will provide ade- 


quate separation. [Figure 5-37] 


CHERRELYN 


Figure 5-37. Assume you are east- 
bound on V214 and the Cherrelyn 
VORTAC is your clearance limit. If 
you have not been able to obtain 
further clearance and have not 
received holding instructions, you 
should plan to hold southwest on 
the 221° radial using left-hand 
turns, as depicted. If this holding 
pattern was not charted, you would 
hold west of the VOR on V214 
using right-hand turns. 


SUMMARY CHECKLIST 


/ A holding pattern is a time delay used by ATC to help maintain separation and 


smooth out the traffic flow. 


vV You may request a hold, for example, to wait for weather conditions to improve. 


y Holding pattern size is directly proportional to aircraft speed; doubling your speed 


doubles the size of your holding pattern. 


y Turns are to the right in standard holding patterns, and to the left in nonstandard 


holding patterns. 


vV Each circuit of the holding pattern begins and ends at the holding fix. 


Adjust the timing of your outbound leg to make your inbound leg one minute long. 


To correct for crosswind drift in the holding pattern, triple your inbound wind cor- 
rection angle on the outbound leg. 


To keep the volume of the protected airspace for a holding pattern within reason- 
able limits, maximum holding airspeeds are designated according to altitude. 


The entry procedure for a holding pattern depends on your heading relative to the 


holding course. The three recommended procedures are direct, teardrop, and par- 
allel. 


A holding clearance should always contain the holding direction, the holding fix, 
and an expect further clearance (EFC) time. If the holding pattern is not published, 
the clearance also contains the holding course. For nonstandard patterns, left turns 


are specified. For patterns using DME, the clearance gives the outbound leg length 
in nautical miles. 
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Standard Holding Pattern Direct Entry 

Nonstandard Holding Pattern Teardrop Entry 

Holding Fix Parallel Entry 

Inbound Leg Holding Clearance 

Holding Course Expect Further Clearance (EFC) 
Time 


Holding Side 


Maximum Holding Speeds 


QUESTIONS 


de 


True/False. Turns are made to the left in nonstandard holding patterns. 


Above what altitude are the straight legs for a standard holding pattern one and a 
half minutes? 


A. 10,000 feet MSL 
B. 12,000 feet MSL 
C. 14,000 feet MSL 


. What is the speed limit in holding patterns below 6,000 feet MSL? 


The first complete circuit of your standard holding pattern at 10,000 feet MSL takes 
a total of 3 minutes and 52 seconds. To achieve an inbound leg time of 1 minute on 
your next circuit, assuming there is no crosswind, approximately how many sec- 
onds should you fly outbound before turning? 


A. 52 seconds 
B. 60 seconds 
C. 68 seconds 


Assume you are flying toward the Kelly VOR on a 
magnetic heading of 015°. What kind of holding 
pattern entry would be appropriate for the follow- 
ing clearance? “... cleared to the Kelly VOR. Hold 
southwest on the 215 radial...” 


A. Direct 
B. Parallel 
C. Teardrop 
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6. If you are flying west on V345 toward the ENNUI 
Intersection, and are instructed to “. . . hold west of 
ENNUI on Victor 345, left turns,” which holding pat- 
tern entry is recommended? 


A. Direct only 
B. Parallel or Teardrop 
C. Teardrop or Direct 


7. Inbound to the PJG VORTAC on a magnetic heading 
of 060°, you receive the following clearance: “ 
cleared to the PJG VORTAC, hold south of the VOR 
on the 160 radial, left turns . . .” Which holding pat- 
tern entry should you use? 


A. Direct 
B. Parallel 
C. Teardrop 


8. If you were cleared to 
hold northwest of the 
15 DME fix on the 323° 
radial from Belleview 
VORTAC, which illus- 
tration in the accompa- 
nying figure correctly 
depicts your holding 


pattern? 

ATTA 

B. B 

C G 
BELLEVIEW 
112.5_BVU 


9. True/False. All holding clearances must contain an expect further clearance time. 
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Part II, Chapter 4 — Arrival 


SECTION A 
ARRIVAL CHARTS 


The ability to file IFR gives you easier access to large airports that you might not have 
ventured into under visual flight rules. As traffic into an airport increases, procedures for 
sequencing aircraft to an instrument approach must be established. Arrival charts pro- 
vide you with a smooth transition between the enroute structure and busy terminal 
areas, simplifying complex clearances and supplying an expected plan of action to both 
pilots and controllers. Knowing how to integrate these charts into your flight plan will 
enable you to fly IFR into the most congested airspace with confidence. [Figure 6-1] 
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Figure 6-1. Arrival charts give you preferred routes into high volume terminal areas. 


ARRIVAL CHARTS SECTION A 


STANDARD TERMINAL 
ARRIVAL ROUTE 


The standard terminal arrival route (STAR) provides a common method for departing the 
enroute structure and navigating to your destination. STARs usually terminate with an instru- 
ment or visual approach procedure. Both Jeppesen and the National Ocean Service (NOS) 
publish STARs for airports with procedures 
authorized by the FAA. Jeppesen incorporates 
the applicable arrival charts into the basic ter- 
minal chart subscription, and these charts are 
filed with the airport’s approach charts. NOS 
includes STARs at the front of each Terminal 
Procedures Publication regional booklet. 


STARs are established to simplify 
clearance delivery procedures. 


To illustrate how STARs can be used to simplify a complex clearance and reduce frequency 
congestion, consider the following arrival clearance issued to a pilot flying to Seattle, Wash- 
ington. “Cessna 32G, cleared to the Seattle/Tacoma International Airport as filed, Maintain 
12,000. At the Ephrata VOR intercept the 221° radial to CHINS Intersection. Intercept the 
284° of the Yakima VOR to SNOMY Intersection. Cross SNOMY at 10,000. Continue via the 
Yakima 281° radial to AUBRN Intersection. Expect radar vectors to the final approach 
course.” 


clearance in advance means that the pilot can pay more attention to susie) awareness during the corresponding por- 
tion of a flight. Effective communication increases with the reduction of repetitive clearances, freeing up congested control frequencies. 


To accomplish this, STARs are developed according to the following criteria: 


e STARs must be simple, eas- 
ily understood and, if possi- 


ble, limited to one page. (BSR.BSR1 


) 
BIG SUR ONE ARRIVAL 


SAN FRANCISCO INTL 
SAN FRANCISCO, CALIFORNIA 


* A STAR transition should be 
able to accommodate as 
many different types of air- 
craft as possible. That way, 
both jets and single-engine 
piston aircraft may be able to 
use the same chart for - 

dearance 


arrival. Aa EA 


e VORTACSs are used wherever oot pends Stars A 
di ‘Chon 86 arose at or below 12,000’. 

possible, so that military and 
civilian aircraft can use the 


same arrival. È g 7 
] C3 wasne HI 
e DME arcs within a STAR ai b sew | 
should be avoided as not all 
aircraft in the IFR environ- 
ment are so equipped. 


e Altitude crossing and air- 


speed restrictions are Á- E Sie SUR ONE ARRIVAL ae 
included when they are “af {BSR.BSRI) 

assigned by ATC a majority 

of the time. 


CHAPTER 6 ARRIVAL 


Now consider how this same clearance is issued when a STAR exists for this terminal area. 
“Cessna 32G, cleared to Seattle/Tacoma International Airport as filed, then CHINS TWO 
ARRIVAL, Ephrata Transition. Maintain 10,000 feet.” A shorter transmission conveys the 
same information. A transition is one of several routes that bring traffic from different direc- 
tions into one STAR. 


INTERPRETING THE STAR 


STARs use much of the same symbology as departure and approach charts. In fact, a 
STAR may at first appear identical to a similar SID, except that the direction of flight is 
reversed, and the procedure ends at an approach fix. The STAR officially begins at the 
common navaid or intersection where all the various transitions to the arrival come 
together. This way, arrivals from several directions can be accommodated on the same 
chart, and traffic flow is routed appropriately within the congested airspace. [Figure 6-2] 


Figure 6-2. This is the Jeppesen 
chart for the CHINS TWO 
ARRIVAL at Seattle, Washington. 
The legend found in the front of 
the Jeppesen Airway Manual will 
help answer any questions you 
have regarding STAR symbology. 


No terrain information is depicted 
on the STAR. You must look at 
WAC or sectional charts to get a 
feel for the underlying topography. 


The primary arrival airport is screened 
on Jeppesen charts. Other airports may 
be served by the procedure, such as 
Boeing Field/King County International. 
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‘ISTARs include the name of the airport served and the procedure title. 
If the enroute portion of your flight ends at the Kimberly VOR, you should add 
the Kimberly Transition to the end of the route description of your flight plan. 


ARRIVAL CHARTS SECTION A s 


STARs are usually named according to the point at which the procedure begins. A STAR 
that commences at the CHINS Intersection becomes the CHINS ONE ARRIVAL. When a 
significant portion of the arrival is revised, such as an altitude, a route, or data concern- 
ing the navaid, the number of the arrival changes. For example, the CHINS ONE 
ARRIVAL is now the CHINS TWO ARRIVAL due to modifications in the procedure. 


A STAR begins at a navaid or intersection 


where all arrival transitions join. sary to keep aircraft within airspace bound- 


Studying the STARs for an airport can clue you into the specific topography of the area. 
Note the initial fixes, and where they corre- 
spond to fixes on the enroute chart. Arrivals 

iy j may incorporate stepdown fixes when neces- 

Q aries, or for obstacle clearance. Routes 

between fixes contain courses, distances, and 
minimum altitudes, alerting you to possible 
obstructions or terrain under your arrival 
path. Airspeed restrictions also appear where they aid in managing the traffic flow. In 
addition, some STARs require that you use DME and/or ATC radar. [Figure 6-3] 


From the Albany VOR, the transition 


All altitudes on the chart are 
MSL, and distances are in 
nautical miles. The MEA for this 
route segment is 6,000 feet MSL, 


follows the 194° radial to the ATHOS 
Intersection. From ATHOS, the transition 
follows the 354° radial to the Pawling 
OR, where it joins the STAR. 


and its length is 35 nautical miles. 


Figure 6-3. The 
PAWLING TWO 
ARRIVAL depicted 
here is from an NOS 
chart. You can decode 
the symbology on this 
chart by referring to roan 
M atic date oo ESE Ra tE 
beginning of the NOS ROCKDALE 

Terminal Procedures 
Publication. 
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Qiian 900 
Each transition is named for its 
point of origin. All transitions 
come together at Pawling VOR, 
the beginning of the actual STAR. 


is given in a corner of the chart. 
Note that ATIS frequencies for 
all airports served are shown. 
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ARRIVAL ROUTE DESCRIPTION 


over ALB VORTAC vio ALB 
DME. Thence. 


ROCKDALE TRANSITION IRKA PWL2} From over RKA VOR/DME via 
RKA R-127 to PETER INT, then via DNY R-096 1o ATHOS INT, then via 
PWLR 354 to PWL VOR/DME pe 

- . . « From aver PWL VOR/DME via PWL R-172 to LOVES iNT. Then vio 
BDR R-336 to BDR VOR. Then vic BOR R-145 to BELTT INT {MEA 2000). 
Then via DPK 8-053 ta DPK VOR/DME. 


N41 *09-64'-W73 0747" 


at 250K IAS or less. 


XYOA MIN 'AYOA MIN 


NOTE Chor am to wole 


You need not fiy into JFK to 
use this STAR. Republic Airport 
in Farmingdale is also served. 


If the enroute portion of your flight ends 
at Rockdale VOR, you enter this 
transition on your IFR flight plan as 
RKA.PWL2. Notice that, as opposed to a 
SID, the transition name is stated first, 
then the arrival name. 


Arrival charts are most often not to 
scale, due to the distribution of 
important fixes along the route. 


_ Frequencies on which to contact the proper 
approach controller are found in a corner of 
the NOS chart. See figure 6-3. 


Arrival route headings on an NOS STAR 
are depicted by large numerals and a 
heavyweight line, while Jeppesen STARS 
se the abbreviation hdg next to the direction arrow. 
See figures 6-2 and 6-3. < 


CHAPTER 6 


VERTICAL NAVIGATION PLANNING 

Included within certain STARs is information on vertical navigation planning. This 
information is provided to reduce the amount of low altitude flying time for high-per- 
formance aircraft, like jets and turboprops. An expected altitude is given for a key fix 
along the route. By knowing an intermediate altitude in advance, the pilot of a high-per- 
formance aircraft can plan the power settings and aircraft configurations that will result 
in the most efficient descent, in terms of time, fuel requirements, and engine wear. [Fig- 
ure 6-4] 


RAMMS ONE ARRIVAL (RAMMS.RAMMS 1) 
VERTICAL NAVIGATION 
PLANNING INFORMATION 
clearance to cross Ramms Int at 250 Kt 
or slower and at or below 17000’. JEPPESENME 


TRANSITIONS * ge, 
Alpoe (ALPOE.RAMMS1): From Alpoe Int to 
Ramms Int: Via GLL R-276 to Autim Int, then 
via DVV R-311. Thence 

Cheyenne (CYS.RAMMS1): From CYS VOR to 
Ramms Int: Via CYS R-203 to Elkee Int, then via 
DVV R-311. Thence 

Medicine Bow (MBW.RAMMS1): From MBW VOR 
to Ramms Int: Via MBW R-147 to Autim Int, 
then via DVV R-311. Thence 

ARRIVAL 

From over Ramms Int via the DVV R-311 to 
Prong Int. Expect radar vectors to the final 
approach course at or before Prong Int. 


Figure 6-4. The vertical navigation planning information from the RAMMS ONE ARRIVAL at Denver, 
CO, is used by pilots of larger aircraft to plan their descents. 


SUMMARY GHECKLIST 


v Standard terminal arrival routes (STARs) provide a standard method for leaving 
the enroute structure and entering a busy terminal area. 


y STARs are grouped along with other airport charts in a Jeppesen subscription, and appear 
in the front of NOS booklets. Legends are found in the front of the corresponding book. 


y If you accept a STAR, you must have at least a textual description of the procedure 
in your possession. A graphic description is preferable. 


¥ Writing “No STAR” in the remarks section of your flight plan will alert ATC that 
you do not wish to use these procedures during your flight. You also may refuse a 
clearance containing a STAR, but avoid this practice if possible. 


Y STARs use symbology that is similar to that on SIDs. Altitudes are given in refer- 
ence to mean sea level, and distances are in nautical miles. 


v A STAR begins at a navaid or intersection where all arrival transitions join. 


y STARs are named according to the point where a procedure begins. They are 
revised in numerical sequence. 


V Arrival route headings on an NOS STAR are depicted by large numerals within a 
heavyweight line, while those on Jeppesen STARs are depicted with the abbrevia- 
tion hdg next to the heading in degrees. 


¥ Frequencies on which to contact the proper approach controller are found in the 
corner of an NOS chart. 


vV Vertical navigation planning information is given for pilots of turboprop and jet traffic, 
to aid them in making efficient descents from the enroute structure to approach fixes. 
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KEY TERMS 


Standard Terminal Arrival Route (STAR) 


ARRIVAL CHARTS SECTION A K 
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Transition 


Vertical Navigation Planning 


QUESTIONS 


Refer to the reprint of the WISKE ONE ARRIVAL to answer questions 1 through 5. 
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ARRIVAL DESCRIPTION 
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cs, G HENDERSON TRANSITION (HNN. MISKELL From over HNN VORTAC vio HNN 
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ae wart aN a movar CTWNOR/DME 
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+. From over WISKE INT: 
‘for Pittsburgh Intl: rip Ga vectors after WISKE INT, 
For Allegheny County: direct noc vORID direct rt Sosa 


for (oen pidi County: direct HLG VOR, direct Washington 


1. At what point does the WISKE ONE ARRIVAL begin? 
2. Which airports are served by this STAR? 


A. Only Pittsburgh International 
B. Pittsburgh International and Wheeling 
C. Pittsburgh International, Allegheny County and Washington County 


3. What is the MEA for the STAR segment from Henderson VORTAC to PYRAT Inter- 
section within the Henderson Transition? 


4,. How would you indicate that you wanted to use the WISKE ONE ARRIVAL, Clarks- 
burg Transition on an IFR flight plan? 


5. If you are flying the WISKE ONE ARRIVAL in a propeller-driven aircraft, at what 
altitude should you expect to cross the WISKE Intersection, if you filed for a TAS 
of less than 210 knots? 


CHAPTER 6 ARRIVAL 


6. True/False. ATC can include a STAR in your clearance even if you have not 
requested one. 


7. Select the appropriate phrase to enter in the Remarks section of your flight plan if 
you do not wish to use a STAR during your flight. 


A. “Use no STARs” 
B. NO STAR” 
C. “No STARs approved” 


8. Where can you find arrival charts in an NOS format? Where can you find arrival 
charts in a Jeppesen format? 


SECTION 


ARRIVAL 
PROCEDURES 


Preparation for a well-executed arrival and approach begins long before you descend 
from the enroute phase of the flight. Planning your approach in advance, while there are 
fewer demands on your attention, leaves you free to concentrate on precise control of the 
airplane during the approach. You also will be better equipped to deal with any prob- 
lems that might arise during the last segment of the flight. 


PREPARING FOR THE 
ARRIVAL 


You may accept a STAR within a clearance, or you may file for one in your flight plan. 
As you near your destination airport, ATC may add a STAR procedure to your original 
clearance. Keep in mind that ATC can assign a STAR even if you have not requested one. 
If you accept the clearance, you must have at least a textual description of the procedure 
in your possession. If you do not want to use a STAR, you must specify “No STAR” in 
the remarks section of your flight plan. You may also refuse the STAR when it is given to 
you verbally by ATC, but the system works better if you advise ATC ahead of time. 


As mentioned before, STARs include naviga- 

tion fixes that are used to provide transition and 

ATC will issue a STAR when they deem arrival routes from the enroute structure to the 

one appropriate, unless you request “No final approach course. They may also lead to a 

STAR” fix where radar vectors will be provided to 

intercept the final approach course. Minimum 

crossing altitudes and airspeed restrictions 

appear on some STARs when they are used 75 percent or more of the time. These 

expected altitudes and airspeeds are not part of your clearance until ATC includes them 

verbally. A STAR is simply a published routing, and it does not have the force of a clear- 

ance until issued specifically by ATC. For example, MEAs printed on STARs are not 
valid unless stated within an ATC clearance or in cases of lost communication. 


aa een 2 ta 


i © = alalaidan 


As early as practical, listen to ATIS to obtain current weather information, runways in 
use, and NOTAMs involving the destination airport. You also may ask to monitor AWOS 
or ASOS, or to contact the UNICOM or FSS on the field, for updated weather and airport 
information when no ATIS is available. If you are landing at an airport with approach 
control services which has two or more published instrument approach procedures, you 
will receive advance notice of the instrument approaches in use. This information will 
be broadcast by either ATIS or a controller, however, it may not be provided when the 
visibility is three miles or better and the ceiling is at or above the highest initial approach 
altitude established for any instrument approach procedure for the airport. [Figure 6-5] 


"Piper 52 Sierra, cleared to Logan International 
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Figure 6-5. After receiving your arrival clearance, you should review the assigned STAR procedure. 


6-10 


ARRIVAL PROCEDURES 
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Arriving on the Space Shuttle Orbiter 


Arrival procedures for the space shuttle begin on the opposite side of the planet. The deorbit burn, which will bring the 
orbiter back to Kennedy Space Center, occurs about one hour before landing. Thirty minutes before touchdown, the 
orbiter begins to enter the atmosphere at about 40,000 feet. At approximately 45,000 feet, the orbiter starts maneuvers to intercept 
the landing approach corridor at the desired altitude and velocity. 


Normally, re-entry will follow one of two general patterns, depending on the mission and the shuttle’s orbital parameters. One pat- 
tern begins with a deorbit burn over the Indian Ocean off the western coast of Australia. Then, the flight path normally continues 
across the Pacific Ocean to the Baja Peninsula, across Mexico and southern Texas, over the Gulf of Mexico, on to the west coast 
of Florida, and across the central part of the state. 


The second major pattern varies, depending on where re-entry occurs. The ground track takes the orbiter across Canada and the 
eastern United States or above the Southern Pacific and across South America. The orbiter will either parallel the northeast 
Florida coast after cutting across Georgia or will fly over the Florida Everglades and up the southeast coast. The sonic booms that 
are generated when the orbiter enters the atmosphere can be heard across the width of Florida. 


REVIEWING THE APPROACH 


Once you have determined which approach to expect, review the corresponding 
approach chart thoroughly before you enter the terminal area. Your review should 
include radio frequencies, the inbound course, descent minimums, the missed approach 
point, and the missed approach procedure. Rehearse the approach in your mind, with 
careful attention paid to the order in which you will perform the approach. Establish 
your personal minimums, and take into account the weather conditions and your fatigue 
level when determining your plan of action. 


When you have completed the approach chart review, consider moving on to the descent 
and approach checklists, as appropriate to your aircraft. Check your fuel level, and make 
sure a prolonged hold or increased headwinds have not cut into your reserve. There is 
always a chance that you will have to make a missed approach, or go to an alternate. By 
completing important prelanding items early in the arrival stage, you free yourself to 
concentrate on maneuvering and navigating while on the approach. 
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ALTITUDE 


During your arrival in the terminal area ATC will either clear you to a specific altitude, 
or they will give you a descend via clearance, which instructs you to follow the altitudes 
published on the STAR. [Figure 6-6] If ATC amends the altitude or route to one that is 
different from the published procedure, the rest of the charted descent procedure is can- 
celed, ATC will assign you any further route, altitude, or airspeed clearances, as neces- 


sary. [Figure 6-7] 
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VERTICAL NAVIGATION PLANNING 
INFORMATION 

Turbojets 

Expect clearance to cross Mytch Int at FL 240. 
Expect clearance to cross 15 NM West of JVL 
VOR at FL 180. 

Expect clearance to cross Teddy Int at 10000’. 
Turboprops 

Expect clearance to cross Mytch Int at FL 240. 
Expect clearance to cross Teddy int at 9000’. 
ARRIVAL 

From over JVL VOR via JVL R-109 to Krena Int, 
then direct ORD VOR. Expect vectors to final 
approach course. 
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Figure 6-6. You are not authorized to leave your 
last assigned altitude unless specifically cleared 
to do so. 


AIRSPEED 


During the arrival, expect to make adjustments in indicated airspeed at the controller’s 
request. When you fly a high-performance airplane on an IFR flight plan, ATC may ask 
you to adjust your airspeed to achieve proper traffic sequencing and separation and to 
reduce the amount of vectoring required in the terminal area. When you operate a recip- 
rocating-engine or turboprop within 20 miles of your destination airport, 150 knots is 
usually the lowest speed you will be assigned. If your aircraft cannot maintain the 
assigned airspeed, you must advise ATC. In this case, the controller may ask you to 
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WILKES-BARRE TRANSITION (LVZ,PENNS1): From over LVZ 
VORTAC via R-172 to RACKI INT, then via FQM R-118 to 
PENNS INT. Thence. . 


From over FQM 


34 92 ‘E-4N 4 


WILLIAMSPORT TRANSITION (FQM.PENNS 1); 
VOR/DME via FQM R-118 to PENNS INT. Thence 

. From over PENNS INT via BWZ VOR/DME R-302 to SWEET 
INT. Expect radar vectors to final approach course. 
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AaS8ar MIN NAVMAN 


m You are at HAYED Intersection at 12,000 feet MSL. Your planned rate of descent is 500 feet per minute and 


ee aka is approximately 180 knots (3 nautical miles per minute). You should begin your descent 
no less than 36 nautical miles from PENNS Intersection ([6,000 + 500] x 3 = 36). 


Figure 6-7. ATC may issue a descent clearance 
which includes a crossing altitude restriction. In 
this example, you are authorized to descend at 
your discretion, as long as you cross the PENNS 
Intersection at 6,000 feet MSL. 


maintain the same airspeed as those aircraft ahead of you or behind you on the approach. 
ATC expects you to maintain the specified airspeed within +10 knots. At other times, 
ATC may ask you to increase or decrease your speed by 10 knots, or multiples thereof. 


When ATC no longer requires the speed adjustment, they will advise you to “...resume 
normal speed.” 


Keep in mind that the maximum speeds specified in FAR 91.117 still apply during speed 
adjustments. It is your responsibility, as pilot in command, to advise ATC if an assigned 
speed adjustment would cause you to exceed these limits. However, for operations in 
Class C or D airspace at or below 2,500 feet AGL, within 4 nautical miles of the primary 


airport, ATC has the authority to request or approve a higher speed than those prescribed 
in FAR 91.117. 
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SUMMARY CHECKLIST 


¥ ATC may assign a STAR at any time, and it is your responsibility to accept or refuse 
the procedure. 


V Altitudes and airspeeds published on the STAR are not considered restrictions 
until verbally given by ATC as part of a clearance. 


¥ After receiving the arrival clearance, certain tasks can be completed before starting 


your approach, including gathering weather information and accomplishing the 
descent and approach checklists. 
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v After you determine the approach in use, review the appropriate chart and create a 
plan of action. 


v A descend via clearance instructs you to follow the altitudes published on the 
STAR, with descent at your discretion. 


y ATC may issue a descent clearance which includes a crossing altitude. Comply by 
estimating the distance and rate of descent required. 


vV Expect to make airspeed adjustments as required by ATC. Responsibility for com- 
plying with FAR 91.117 is up to the pilot in command. 


KEY TERMS 


Minimum Crossing Altitudes 


Descend Via 


QUESTIONS 


1. When should you plan to obtain weather information for your approach dur- 
ing an IFR flight? 


2. What does a descend via clearance authorize you to do? 


3. When does a minimum crossing altitude become a restriction when a STAR is 
used on an IFR flight plan? 


A. When issued verbally as part of a clearance 

B. When the STAR is filed in an IFR flight plan 

C. Only if the altitude is lower than the minimum altitude at the initial 
approach fix 


4, True/False. ATC is responsible for ensuring you are not cleared for an air- 
speed that violates FAR 91.117. 


5. Assume you are cruising at 12,000 feet MSL. You are cleared to cross the 
FREDY Intersection at 8,000 feet MSL, which is 30 nautical miles ahead of 
you. If your current groundspeed is 180 knots and you expect a descent rate of 
500 feet per minute, where should you begin your descent? 
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Instrument/Commercial 
Part III, Chapter 7 — Approach 


SECTION A 
APPROACH CHARTS 


The standard instrument approach procedure (IAP) allows you to descend safely by 
reference to instruments from the enroute altitude to a point near the runway at your 
destination from which a landing may be made visually. A precision approach procedure 
provides vertical guidance through means of an electronic glide slope, as well as horizontal 
course guidance. The instrument landing system (ILS) and the precision approach radar 
(PAR) procedure are examples of precision approaches. A nonprecision approach, 
such as a VOR or NDB approach, provides horizontal course guidance with no glide 
slope information. 


Although there are many different types of approaches in use, most incorporate common 
procedures and chart symbology. Therefore, your ability to read one approach chart 
generally means you will be able to read others. However, due to the dynamic nature of 
charting, you must familiarize yourself with the chart legend and review chart symbology 
on a continuing basis to stay abreast of any changes. This section is designed to help you 
become proficient at interpreting chart information. The most common approaches you 
will fly are the ILS, localizer, VOR, NDB, and GPS. Other approaches you may encounter 
include LDA, SDF, VOR/DME, RNAV, and MLS procedures. Specific approach types and 


procedures are examined in more detail in Section B of this chapter and Chapter 8 — 
Instrument Approaches. 


APPROACH SEGMENTS 


Before looking at approach chart symbology, it is helpful to have a basic understanding 
of approach procedures. An instrument approach may be divided into as many as four 
approach segments: initial, intermediate, final, and missed approach. Feeder routes, also 
referred to as approach transitions or terminal routes, technically are not considered 
approach segments but are an integral part of many instrument approach procedures. 
They provide a link between the enroute and approach structures. Although an 


TPF 


APPROACH CHARTS SECTION A 


r R 


approach procedure may have several feeder routes, you generally use the one closest to 
your enroute arrival point. When a feeder route is shown, the chart provides the course 
or bearing to be flown, the distance, and the minimum altitude. [Figure 7-1] 


MISSED APPROACH 
SEGMENT 
| Upon reaching the MAP, if 
you are unable to continue 
Ses the approach to a landing, 
l you follow the missed app- 
| roach segment back to the 
enroute structure if you 
are continuing to an alter- 
nate airport. 


proach segments often begin and end at designated fixes. 


H , they al n begin and end at the completion of a particular 


FINAL APPROACH 
SEGMENT 

The final approach segment 
ends at the runway, airport, or 
missed approach point (MAP). 


FEEDER ROUTE 
A feeder route may be used ff 
to take you from the enroute 
structure to an initial app- 

roach fix (IAF). 


= 


INITIAL APPROACH 
SEGMENT 

Next, you follow an initial 
approach segment to an 
| intermediate fix (IF). 


INTERMEDIATE 
APPROACH SEGMENT 

= From the IF, you follow the 
intermediate approach § 
segment to the final 
approach fix (FAF). 


INITIAL APPROACH SEGMENT 

The purpose of the initial approach segment is to provide a method for aligning your 
aircraft with the approach course. This is accomplished by using an arc procedure, a 
course reversal such as a procedure turn or holding pattern, or by following a route which 
intersects the final approach course. The initial approach segment begins at 

an initial approach fix (IAF) and usually ends where it joins the intermediate 
approach segment. The letters [AF on an approach chart indicate the location of an 
initial approach fix and course, distance, 

and minimum altitudes are provided for ini- 

gil ype ae eT a eeu cae | The letters IAF indicate the location of an 
may have several initial approach segments. Rd ae a l 
Where more than one exist, each will join a DNA APE j 

common intermediate segment, although 


not necessarily at the same location. 
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Charting Evolution 

The nature of instrument flight cartography involves continuous chart enhancement. Captain Elrey B. Jeppesen’s 
i original little black book from the 1930s depicts slopes, drainage patterns, terrain, and airport layouts, as well as 
provides information on field lengths, lights, and obstacles. [Figure A] 


As instrument approach procedures improved, a standard format was developed 
Y which emerged into an identifiable instrument approach chart look. Shown here is the 
Buffalo Municipal Airport instrument approach chart, revised August 2, 1945. Note 
that the approach chart depicts the old 
©) range airway system, utilizing the Morse 
code letters A and N. [Figure B] 
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Enhancements in today’s highly refined are ous a on sug pee s 

standard instrument approach procedures i 

(SIAPs) and instrument chart formats are 

driven by complex changes in airspace, air traffic control, advanced technology, 
human factors, and many other issues. Jeppesen’s briefing strip charts represent 
many instrument approach chart advancements. [Figure C] 


Occasionally, a chart may depict an IAF, although there is no initial approach segment 
for the procedure. This usually occurs where the intermediate segment begins at a point 
located within the enroute structure. In this situation, the IAF signals the beginning of 
the intermediate segment. 


INTERMEDIATE APPROACH SEGMENT 


The intermediate segment is designed primarily to position your aircraft for the final 
descent to the airport. On this segment, you typically reduce your airspeed to or near the 
approach airspeed, complete the before landing checklist, and make a final review of the 
approach procedure and applicable minimums. Like the feeder route and initial 
approach segment, the chart depiction of the intermediate segment provides you with 
course, distance, and minimum altitude information. 


The intermediate segment, normally aligned within 30° of the final approach course 
begins at the intermediate fix (IF), or point, and ends at the beginning of the fal 
approach segment. In some Cases, an intermediate fix is not shown on an approach chart 
In this situation, the intermediate segment begins at a point where you are proceeding 
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inbound to the final approach fix, are properly aligned with the final approach course, 
and are located within the prescribed distance from the final approach fix. [Figure 7-2] 
FINAL APPROACH SEGMENT 

The purpose of the final approach segment is to allow you to navigate safely to a point at 
which, if the required visual references are available, you can continue the approach to 
a landing. If you cannot see the required cues at the missed approach point, you must 
execute the missed approach procedure. The final approach segment for a precision 
approach begins where the glide slope is intercepted at the minimum glide slope 
intercept altitude shown on the approach chart. If ATC authorizes a lower intercept 
altitude, the final approach segment begins upon glide slope interception at that altitude. 
For a nonprecision approach, the final approach segment begins either at a designated 
final approach fix (FAF) or at the point where you are established on the final approach 
course. When an FAF is not designated, such as on an approach which incorporates an 
on-airport VOR or NDB, this point is typically where the procedure turn intersects the 
final approach course inbound. This point is referred to as the final approach point 
(FAP). The final approach segment ends either at the designated missed approach point 
or when you land. 


Although the charted final approach segment provides you with course and distance 
information, many factors influence the minimum altitude to which you can descend. 
These include the type of aircraft being flown, the aircraft’s equipment and approach 
speed, the operational status of navaids, the airport lighting, the type of approach being 
flown, and local terrain features. 


MISSED APPROACH SEGMENT 

The purpose of the missed approach segment is to allow you to safely navigate from the 
missed approach point to a point where you can attempt another approach or continue 
to another airport. Every instrument approach has a missed approach segment with 
appropriate heading, course, and altitude information. During a radar approach, ATC 
gives you missed approach instructions. 


The missed approach segment begins at the missed approach point (MAP) and ends at a 
designated point, such as an initial approach or enroute fix. The actual location of the 
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missed approach point depends upon the type of approach you are flying. For example, 
during a precision approach, the MAP occurs when you reach a designated altitude on 
the glide slope called the decision height (DH). For nonprecision approaches, the missed 
approach point occurs either at a fix defined by a navaid or after a specified period of 
time has elapsed since you crossed the final approach fix. 


CHART LAYOUT 


Both Jeppesen and NOS use charts to portray the instrument approaches which are 
available at a given airport. Jeppesen charts are filed in a loose-leaf format by state, then 
by city within each state. NOS charts are published in regional volumes referred to as 
Terminal Procedures Publications, with each airport filed alphabetically by the name of 
the associated city. Generally, both chart formats present the same information; however, 
the symbology and chart layout vary. The chart used throughout the following discussion 
is the ILS Runway 1 approach to Key Field at Meridian, Mississippi. [Figure 7-3] 
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Conversion Table 


Time and Airport 
Notes & Cautions § | Speed Table Sketch 
Notes and cautions are located in the 


plan or profile view of Jeppesen charts, Figure 7-3. The general layouts for both Jeppesen and NOS approach 
as appropriate. charts are shown here. NOS includes an airport sketch on the approach 
chart, while Jeppesen provides a diagram for each airport on a separate 
chart. Knowing where information is located is just as important as 
interpreting the chart symbology. 


The following discussion employs a standard format to make it easy to understand the 
features of approach charts. Each section of the chart is introduced followed by general 
information and definitions of terms which apply to that section. Then examples of 
the chart section are shown in Jeppesen and NOS formats and specific features and 
symbology are described through the use of text boxes. You may wish to refer to the chart 
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excerpts as you are reading the general information and definitions. NOS charts 
and Jeppesen’s original chart format are presented initially followed by an examination 
of Jeppesen’s new briefing strip charts at the conclusion of this chapter. 


HEADING SECTION 


On Jeppesen charts, the heading section identifies the city and airport, the instrument 
approach procedure title, the primary approach facility, communication frequencies, 
and if available, minimum safe altitude information. On NOS charts, some of this 
information is located in the heading section, with the rest located on the plan view or 
airport sketch. 


SECTION A _ 


ATC uses the procedure title when clearing you for the approach. The procedure title 
indicates the type of approach system used and the equipment required to fly the 
approach. For example, a procedure title such as ILS DME Rwy 1 requires you to have a 
DME receiver in addition to ILS equipment to fly the approach. When a letter appears in 
the procedure title, such as VOR-A, it means the procedure does not meet the criteria for 
a straight-in landing. In this case, a turning 
maneuver, Called a circling approach, may 
be required to complete the landing. 


i & è 
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-The procedure title indicates the type of 


_ approach system used and the equipme 
Both Jeppesen and NOS use chart index required to fly the a proach. "otti 
5 : : ; P zi & on 
numbers to identify the chart. The index s > TOn bs" 


number on Jeppesen charts helps you file a 

chart and identify certain features. For example, the first digit represents an airport 
number. Normally, this is the number 1. However, where more than one airport shares 
the same city and state name, the first airport is given the number 1, the second the 
number 2, and so on. The second digit identifies the type of chart. [Figure 7-4] The third 
digit is used to index charts with the same approach types. For example, the first ILS 
approach at the second airport is given an index number of 21-1. The second ILS at the 
same airport receives the number 21-2. The first VOR approach at this airport receives 
the number 23-1. 


0 — Area SID, STAR, Class B, etc. 
| 1— ILS, LOC, MLS, LDA, SDF 

2 — Reserved i 

3 — VOR, VOR DME j Figure 7-4. The second 
| 4— TACAN ~ digit of the Jeppesen chart 
| 5 — Reserved | index number is used to 


| 6— NDB i= 
oe identify the type of chart. 


| 8— PAR, ASR, Stand-Alone GPS 
9 — VOR DME RNAV, Charted 
| Visual Flight Procedures (CVFP) 


The minimum safe altitude (MSA), shown on approach charts, provides 1,000 feet of 
obstruction clearance within 25 nautical miles of the indicated facility, unless some 
other distance is specified. The 1,000-foot criteria applies over both mountainous and 
nonmountainous terrain. The MSA may be divided into several sectors which are 
defined by radials, or bearings to the navaid. Each MSA is applicable only to the 


approach on which it is displayed, and it may not be used for any other approach. 
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There are several important features of the MSA. First, it only provides obstruction clearance 
within the sector. Neither navigation nor communication coverage is guaranteed. Second, 


the MSA is designed only for use in an 
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emergency or during VFR flight, such as dur- 
ing a VFR approach at night. And third, an 
MSA is not listed for every approach. Its 


usually 25 nautical miles, =o the fa i omission may be due to the lack of an easily 
However, de identifiable facility upon which to orient the 
coverage is ane MSA circle. [Figures 7-5 and 7-6] 
figures 7-5 and 7-6. 


Communication data is presented 


Chart index Number 


Airport Elevation 


in the normal sequence used by 
arriving aircraft. For example, after 
obtaining weather information 
from ASOS in this case, your first 
contact usually is with Meridian 
Approach Control, followed by 
Key Tower, then Ground Control. 
Meridian Approach Control and 
Key Tower are part-time facilities, 
as indicated by the asterisk. 


JEPPESEN 
asos 120.77 


*MERIDIAN Approach (R) 120.5 


Jeppesen charts use an 
effective date if a chart is 
issued before it can be 
used. In this situation, you 
should continue to use the 
previous chart until the 
effective date. If there is 
no effective date, you may 
use the chart upon receipt. 


Primary Facility, Frequency, 
and Identifier 


Jeppesen lists the city and 
state where the airport is 


located, followed by the airport 
name on the next line. 


JEPPESEN 


19 JUL 11-1) Eff 28 Jul 


MEMPHIS Center (R) 12.4.4 when App inop. 


Jeppesen provides an 
alternate communication 
contact for part-time 
facilities. For example, when 
Meridian Approach Control 
is not operating, Memphis 


Center will clear you for the 
approach. When the tower is 
closed, use the common 
traffic advisory frequency 


(CTAF) of 119.8 MHz. 


The minimum safe altitude 
(MSA) within 25 nautical 
miles of the ME compass 


locator at the outer marker, 
or LOM, is 2,700 feet MSL. 


The capital letter R in 
parentheses indicates 
the facility is equipped 
with radar. in this case, 
both Meridian Approach 
and Memphis Center can 
; provide radar vectoring. 


Figure 7-5. Jeppesen Heading Section — 


Big and bold type is selectively used in the 
heading section of Jeppesen charts to 
highlight specific information. 


MERIDIAN, MISS 
KEY 


ILS Rwy 1 


toc 110.1 IMEI 
Apt. Elev 297° 


The procedure title indicates 
the type of approach system 
used and the runway served 
for  straight-in landing 
procedures. The minimum 
equipment required to fly the 
approach is indicated by the 
procedure title and/or notes 
on the approach chart. This 
approach uses an instrument 
landing system (ILS) and 
serves Runway 1 at Meridian. 


APPROACH C -HARTS 


The procedure title indicates 
the type of approach system 
used and the runway 


served for straight-in landing 
procedures. The minimum 
equipment required to fly the 
approach is indicated by the 
procedure title and/or notes 


NOS usually lists the name 
of the airport and its 


identifier on the first line, 
followed by the city and the 


state on the next line. The 
city and airport name are 
repeated on the bottom of 
the chart. 


SECTION A 23 


Communication data is presented in the 
normal sequence used by arriving 
aircraft. For example, your first contact 
is usually with Meridian Approach 
Control followed by Key Tower, then 
Ground Control. Meridian Approach 


Control and Key Tower are part-time 


GN 


fey 
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facilities, as indicated by the asterisk. 


on the approach chart. An asterisk is not used with Ground 


approach chart 


This 
uses an 
instrument landing system 
(ILS) and serves Runway 1 at 
Meridian. 


Primary Facility, Frequency, 
Identifier, and Morse Code 


Chart Index Number 


Control, since that facility is associated 
with the tower. When the tower is 
closed, use the common traffic advisory 
frequency (CTAF) of 119.8 MHz. UHF 
communication frequencies used by the 
military are shown, where available. 
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Figure 7-6. NOS Heading Section — The communication frequencies, primary approach facility, and minimum safe altitude 
information are shown on the plan view of NOS charts, while the airport elevation is indicated on the airport sketch. 


PLAN VIEW 


The plan view is an overhead presentation of the entire approach procedure. Since 
approach charts are intended for use during instrument weather conditions, they show 
only limited terrain and obstruction information. However, obstruction clearance is 
provided throughout the approach when the procedure is flown as depicted. 


A procedure turn is a standard method of reversing your course. When the procedure 
turn is depicted on the plan view, it means you may reverse course any way you desire 
as long as the turn is made on the same side of the approach course as the symbol, the 
turn is completed within the distance specified in the profile view, and you remain 
within protected airspace. If a holding or teardrop pattern is shown instead of a procedure 
turn, it is the only approved method of 
course reversal. If a procedure turn, holding 
or teardrop pattern is not shown, a course 
reversal is not authorized. 
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On both NOS and Jeppesen charts, some, but 
not all, reference points/terrain high points, 
such as natural or man-made objects, are depicted with their elevations. These reference 
points cannot be relied on for terrain or obstruction avoidance since there may be higher 
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uncharted terrain or obstructions within the same vicinity. Generally, 
on Jeppesen charts, reference points less than 400 feet above the 
airport elevation are not depicted. Minimum altitudes on the 


Marker beacons are shown 


approach procedures 
of terrain and obstructions along the depicted 
flight tracks. [Figures 7-7 and 7-8] 


An oval shape is used to depict an ILS, LOC, 
LDA, or SDF facility. The shadow indicates the 
primary facility upon which the approach is 
based. In this case, the ILS localizer is aligned 


on a magnetic course of 008° and its frequency 
is 110.1 MHz. The letter | precedes the identifier 
to indicate an ILS or LDA localizer. The Morse 
code identification also is provided. 


If your initial approach 
segment is the DME arc 
transition, the procedure turn 
is not authorized (NoPT). 


You can identify PAULD by its 
position at the intersection of 
the Meridian 216° radial and 
the 101° radial of the Jackson 
(JAN) VORTAC. Although the 
JAN VORTAC is not depicted 
on the chart, the information 
required to identify and use 
the VORTAC is shown. 


The highest portrayed 
reference point (1,699 feet 
MSL) is indicated by an arrow 
on Jeppesen charts. 


The missed approach holding | 


pattern at PAULD Intersection 


is shown. If your airplane is f 


DME-equipped, you can 
identify PAULD by its position 
on the Meridian 216° radial at 
a distance of 13.3 DME. 


provide 


LOM 


letter 


JEPPESEN 


clearance 


Missed Approach Track 


A rectangular navaid facility 
box identifies a VOR, NDB, or 
facility. The VOR, 
VORTAC, or VOR/DME class 
| is identified. For example, the 
H in 
indicates it is a high altitude 
class of VORTAC. The letter 
D indicates DME capability. 


Runway Layout 


parentheses 


Pilot controlled lighting,\ | 


To help you distinguish a 
nonflyable lead radial from a 
flyable route, the radial is 
depicted by a thin line, and no 
minimum altitude is shown. 


Figure 7-7. Jeppesen Plan View — Large bold type is 
used on the plan view to highlight the primary navaid frequency 
and identifier, as well as the inbound approach course shown in 
the ILS oval box. The inbound approach course also is 
shown in large type along the final approach path and 
names of fixes which are part of the procedure are 
enhanced. Secondary airports are subdued in a lighter 
color to differentiate them from the primary airport and 


reduce visual clutter. 
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The transition from the point 
where the 13-DME arc 
intercepts the localizer to the 
LOM is 5.3 miles. This 
segment 
altitude of 1,800 feet MSL. 
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by lens-shaped symbols. The 
middle marker beacon is 
indicated by the letters MM 


adjacent to the symbol. If an 
NDB is collocated with a 
middle marker, it is a locator | 
middle marker (LMM). 


Feeder routes and approach 
transitions are indicated by a 
heavy line arrow, with the 


radial or bearing, distance, 
and minimum altitude you 
must fly. 
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Facility Box 


When an NDB is collocated 
with the outer marker (OM) 
beacon, the combination is an 
outer compass locator (LOM). 


Outbound Course 


This procedure turn suggests 
an outbound heading of 143°. 
After the appropriate time, a 
right turn is made to 323° to 
intercept the localizer inbound. 
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lf your initial approach 
segment is the DME arc 
transition, the procedure turn 
is not authorized (NoPT). 


You can identify PAULD by its 
position at the intersection of 
the Meridian 216° radial and 
the 101° radial of the Jackson 
(JAN) VORTAC. Although the 
JAN VORTAC is not depicted 
on the chart, the information 
required to identify and use 
the VORTAC is shown. 


The missed approach holding 
pattern at PAULD intersection 
is shown. If your airplane is 
DME-equipped, you can 
identify PAULD by its position 
on the Meridian 216° radial at 
the distance of 13.3 DME. 


The highest portrayed 
reference point (1,699 feet 
MSL) is indicated by large type 
and a bold dot. 


lens-shaped 
middle marker 


NDB 


middle marker 


The transition from the point 
where the 13-DME arc 
intercepts the localizer to the 
LOM is 5.3 miles. This 
segment has a minimum 
altitude of 1,800 feet MSL. 


Marker beacons are shown by 
symbols. 

beacon 
indicated by the letters MM 
adjacent to the symbol. If an 
is collocated with a 
middie marker, it is a locator 
(LMM). 


maa - 
/ į Localizer § 


Figure 7-8. NOS Plan View 
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Feeder routes are indicated 
by a heavy line arrow, with 


distance, 
altitude you must fly. 


heavy 
indicates the primary facility 
upon which the approach is 
based. In this case, the ILS 
localizer frequency is 110.1 
MHZ. 
the identifier to indicate an 
ILS or LDA localizer. 
Morse code 

also is provided. 
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radial or 


and 


bearing, 
minimum 


outlined box 


The letter | precedes 


The 
identification 


A 648+ 
3 
A 485 


163° (8) 
4 AMM ZEEE 


763 Se 


N 714 


1800 
(5-3) 


Outbound Course 


To heip you distinguish a 
nonflyable lead radial from a 
flyable route, the radial is 
depicted by a thin line, and no 
minimum altitude is shown. 


LOCALIZER 110.1 
-MEI =% oe 


104) 


Runway Layout 


MERIDIAN APP CON * 
120.5 269.6 

KEY TOWER* 

119.8 (CTAF)Q 257.8 
GND CON 

121.9 348.6 


air 
aa S 


KEWANEE 
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When an NDB is collocated 
with the outer marker (OM) 
beacon, the combination is an 
outer compass locator (LOM). 


The frequency underlined in 
(| this navaid facility box indicates 
that the navaid is without voice 
capabilities. 


Inbound Course 


This procedure turn suggests 
an outbound heading of 143°. 
After the appropriate time, a 
right turn is made to 323° to 
intercept the localizer inbound. 


On selected Jeppesen approach chart plan views, generalized terrain contour lines, 
values, and gradient tints may be depicted in brown. This may occur when terrain 
within the approach chart plan view exceeds 4,000 feet above the airport elevation, or 
when terrain within 6 nautical miles of the airport reference point rises to at least 2,000 
feet above the airport elevation. Gradient tints indicate the elevation change between 
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contour intervals. This information does not ensure clearance above or around the 
terrain and must not be relied on for descent below the minimum altitudes dictated by 
the approach procedure. Furthermore, the absence of terrain contour information does 
not ensure the absence of terrain or structures. [Figure 7-9] 
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Figure 7-9. This 
instrument approach 
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PROFILE VIEW 


The profile view shows the approach from the 
side and displays the flight path and facilities, as 
well as minimum altitudes in feet MSL. There are 
several terms used to describe the altitudes 
commonly shown on the profile view. The 
touchdown zone elevation (TDZE) is the highest 
elevation in the first 3,000 feet of the landing 
surface. The height above touchdown (HAT) is 
measured from the touchdown zone elevation or 
the threshold elevation of the runway served by 
the approach. The height above airport (HAA) is 
measured above the official airport elevation 
which is the highest point of an airport’s usable 
runways. The threshold crossing height (TCH) is 
the altitude at which you cross the runway 
threshold when established on the glide slope 
centerline. [Figures 7-10 and 7-11] 
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APPROACH CHARTS SECTION A La 
ad 


The outer marker on this approach 
is identified by the letters LOM, 
since it is collocated with a 
compass locator. For this 
approach, the altitude at which 
you cross the LOM when 
established on the glide slope 
centerline is 1,777 feet MSL. 


The height above the touchdown 
zone (HAT) values are shown in 
parentheses when a touchdown 
zone elevation (TDZE) is given. 
When a TDZE is not given, the 
numbers represent height above 
the airport elevation (HAA). 


After completing the procedure turn, 
and when established on the 
inbound course, you may descend 
to the minimum glide slope 
intercept altitude of 1,800 feet MSL. 


Jeppesen provides the glide 
slope crossing altitude for the 


m= 


middle marker. In this case, it is 
480 feet MSL, or 191 feet above 
the TDZE. 


For this approach, the procedure turn 


must be completed within 10 nautical JEPPESEN 

miles of the LOM at a minimum altitude ut Since the approach can be flown 

of 2,000 feet MSL (HAT of 1,711 feet). MM using the localizer only (no glide 
LOM GS 480/191") slope), Jeppesen also depicts 


a a 1488" \ 
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MISSED APPROACH: (C1 i 
via MEI VORR- 


the nonprecision approach path. 


A textual description of 
the missed approach 
procedure is contained § 
just below the profile § 
view on Jeppesen 
charts. 


6 to * D’ then climbing 


If you are able to continue the 
approach to a landing, your 
threshold crossing height 
(TCH) is 54 feet above the 
runway, assuming you 
remain on the glide slope 
centerline. 


The glide slope intercept point 
shows where you will intercept the 
glide slope when operating at the 
minimum glide slope intercept 
altitude. This also represents the 
final approach fix (FAF) for a 
precision approach. 


The precision approach path is 
shown, along with the magnetic 
course of the localizer. 


Jeppesen provides the TDZE on all 
| straight-in approach procedures. The 
airport elevation is shown on circling- 
only procedures. 


In this example, the 
distance from the outer 
marker to the middle marker 
is 4.1 nautical miles. 


The nonprecision final 
approach fix is shown by a 
cross. An aircraft executing a 
nonprecision approach must 
maintain at least the minimum 
altitude of 1,800 feet MSL until 
reaching this point. 


The missed approach point 
for the precision approach 
is shown. Jeppesen also 
shows the approximate 
nonprecision missed 
approach point, identified 
by the letter M. 


Jeppesen depicts, where appropriate, 
distances to the runway threshold. In 
this case, the outer marker is 4.5 
nautical miles from the runway 
threshold. 


Figure 7-10. Jeppesen Profile View — Large bold type is used for navaids and fixes, TDZEs when charted, final 
approach courses, minimum altitudes, glide slope interception altitudes, and the procedure turn limits. The missed 
approach text contains big bold type for altitudes, headings or courses, and navaid or fix identifiers. The airport ele- 
vation is omitted when the TDZE or runway threshold is charted. All the altitudes given on Jeppesen approach 
charts represent minimum altitudes, unless noted as max, maximum, mandatory, or recommended. 
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Figure 7-11. NOS Profile View — NOS provides the 
touchdown zone elevation (TDZE) in the airport sketch. 


The outer marker on this 
| approach is identified by 
the letters LOM, since it is 
collocated with a compass 
locator. For this approach, 
the altitude at which you 
cross the LOM when 
established on the glide 
slope centerline is 1,777 
feet MSL. 


For this approach, the 
procedure turn must be 
completed within 10 
nautical miles of the LOM 
at a minimum altitude of 
| 2,000 feet MSL. 


A textual description of the 
missed approach procedure 
is contained within the 
| profile view. 


MISSED APPROACH 
Climb to 700 then climbing laft 
turn to 3000 via MEI R-216 to 


After completing the 
procedure turn, and when 


established on the inbound 
course, you may descend to 
the minimum glide slope 


PAULD tnt and hold. 


The missed approach point 


for the precision approach 
is shown here. 


intercept altitude of 1,800 
feet MSL. 


Glide Slope Angle 


If you are able to continue 
the approach to a landing, 
your threshold crossing 
height (TCH) is 54 feet 
above the runway, 
assuming you remain on 
the glide slope centerline. 


The nonprecision final 
approach fix is shown by a 
cross. An aircraft executing 
a nonprecision approach 
must maintain at least the 
minimum altitude of 1,800 
feet MSL until reaching this 
point. 


The glide slope intercept 
point, depicted by the 
lightning bolt on NOS charts, 
shows where you will 
intercept the glide slope when 
operating at the minimum 
i glide slope intercept altitude. | 
This also represents the final 
approach fix (FAF) for a 
precision approach. In this example, the 
distance from the outer 
marker to the middle 
marker is 4.1 nautical miles. 


On NOS charts, a minimum 
altitude is shown with a line 
below the number, while a 
line above the number 
indicates a maximum 
altitude. A line above and 
below the altitude indicates 
a mandatory altitude. If the 
number does not have a line 
above or below, it is a 
recommended altitude. 


The precision approach path 
is shown, along with the 


magnetic course of the 
localizer. 


STEPDOWN FIX AND VISUAL DESCENT POINT 
Many approaches incorporate one or more stepdown fixes. They are commonly used 
along approach segments to allow you to descend to a lower altitude as you overfly 
various obstacles, or in conjunction with the design of local air traffic control 
procedures. Only one stepdown fix normally 
is permitted between the final approach fix 
and the missed approach point. A visual 
descent point (VDP) also may be depicted in 
the profile view. [Figure 7-12] 


7-14 


APPROACH CHARTS 


Only DME fix formation 


JEPPESEN A values are shown in the 
profile view. Refer to 
COMMO DATTS the plan view for all 
D S í OAK D11.0 OAK ENCOL D0.8 allowable substitutions, 
410 D6.0 OAK oak VOR | such as a VOR radial 
ane Miles. ats MANDATORY | DISA | or NDB bearing, which 
| (29957 1500’ 4 ie | can be used to identify 

| | (1495') v —M a fix. 

| | 


MISSED APPROACH: 
HAYZE INT/DS 


imb to 3500’ outbound 
-0 OAK and hold. 


It is mandatory that you cross 
ENCOL at 1,500 feet MSL. 
The mandatory altitude is 
most likely due, in this case, 
to the design of ATC 
procedures in conjunction 
with a nearby military airport. 


When you pass ENCOL, 
which is the 6.0 DME fix, 
you may descend to the 
appropriate MDA for the 
approach. 


A visual descent point (VDP) 
depicted by the letter V, 


lrepresents the point from 


which you can make a normal 
descent to a landing, 
assuming you have the 
runway in sight and you are 


Figure 7-12. If you can- 
not identify a stepdown 


Starting from the MDA. A 
descent from the MDA should 


not be started prior to @ fix, the altitude given 
reaching the VDP. just prior to the fix may 
become your minimum 
altitude for the 
COMMO i MISSED APPROACH approach under certain 
OAK DATTS INT A Climb to 3500 via OAK R-093 to conditions. 
4100 | Oak [T HAYZE Int/OAK 9 DME and hold. 
I “Cae D OAK Only DME fix formation 
| 3000; seal values are shown in the 
Procedure Turn | 10. profile view. Refer to the 
NA | | plan view for all 
| | | allowable substitutions, 
oS. such as a VOR radial or 


NDB bearing, which can 
be used to identify a fix. 


A visual descent point (VDP) 
depicted by the letter V, 
represents the point from 
| which you can make a normal 
descent to a landing, § 
assuming you have the 
runway in sight and you are 
starting from the MDA. A 
descent from the MDA should 
not be started prior to 
reaching the VDP. 


When you pass ENCOL, 
which is the 6 DME fix, 
you may descend to the 


It is mandatory that you cross 
ENCOL at 1,500 feet MSL.j 
The mandatory altitude is most 
likely due, in this case, to the 
design of ATC procedures in 
conjunction with a nearby 
military airport. 


appropriate MDA for the 
approach. 


LANDING MINIMUMS 


Landing minimums, which contain both minimum visibility and minimum altitude 
requirements, have been established for each approach at a given airport. Factors which 
affect these minimums include the type of approach equipment installed, type of 
approach lights installed, and obstructions in the approach or missed approach paths. 
Landing minimums also are affected by the equipment on board your aircraft, your 
approach speed, and whether you are executing a straight-in landing or flying a circling 
approach. A circling approach is a procedure which involves executing an approach to 
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one runway and then landing on another. 
Separate circle-to-land minimums are 
published in the landing minimums section if 
this procedure is authorized. 


Another procedure listed on some charts is 
a variation of the circling maneuver. During 
a sidestep maneuver, you are cleared for an 
approach to one runway with a clearance to land on a parallel runway. The minimums for 
this procedure usually are higher than the minimums for the straight-in landing 
runway, but lower than the circling minimums. When executing a sidestep maneuver, 
you are expected to begin the procedure as soon as possible after sighting the sidestep 
runway environment. 


AIRCRAFT APPROACH CATEGORIES 

Each aircraft is placed into an aircraft approach category based on its computed approach 
speed. This speed equals 130% of the aircraft’s power-off stall speed in the landing config- 
uration at the maximum certificated 
landing weight (1.3Vso). For example, if 
— the stalling speed of your aircraft is 65 
Las to 1 Kna ; ; | knots, its computed approach speed is 85 
knots. [Figure 7-13] 


Approach Category Approach Speed 


lit to 120 Knots sh M Figure 7-13. Once you have determined your 
aircrafts approach category, you can use the 
landing minimums section of the approach 
chart to determine your visibility and 
descent minimums for that procedure. 
Although Category E is shown, it usually 
is not included on approach charts, since 
it applies only to certain military 
aircraft. In this case, Category D 
applies to all civil aircraft with a 
fo 185 Kross Ee ee ee 


Above. 165. Knots 


MINIMUM DESCENT REQUIREMENTS 

The minimum altitude to which you are permitted to descend while executing the 
approach procedure is depicted in the landing minimums section. The terms used to 
describe this altitude depend on the type of approach — precision or nonprecision. During 
a precision approach, the height where you must 
make the decision to continue the approach or 
execute a missed approach is referred to in the 
FARs as the decision height (DH). NOS charts 
show the decision height as an MSL altitude with 
the height above touchdown (HAT) listed after the 
visibility requirement. The International Civil 
Aviation Organization (ICAO) uses the terms decision altitude (DA), which is referenced to 
mean sea level, and decision height (DH) which is referenced to the threshold elevation. 
Jeppesen charts reflect the ICAO terminology by showing a decision altitude (height) — 
DA(H) as an MSL altitude followed by the height above touchdown (HAT) in parentheses. 
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When flying a nonprecision approach, upon crossing the final approach fix or stepdown 
fix, as appropriate, you descend to the minimum altitude shown on the approach chart and 
remain at this altitude until you identify the runway environment or execute a missed 
approach. On Jeppesen charts, the term minimum descent altitude (height) — MDA(H) is 
used to indicate this altitude. The MDA is stated first in feet MSL with the HAT (in the case 
of a straight-in landing) or HAA (in the case of a circling approach) shown in parentheses 
following it. NOS uses the FAA term minimum descent altitude (MDA) and includes the 
HAT after the visibility requirement. Throughout this manual, the FAA terms decision 
height (DH) and minimum descent altitude (MDA) generally are used to describe minimum 
descent requirements unless the text is specifically referencing Jeppesen charts. 


VISIBILITY REQUIREMENTS 

Under Part 91, you can descend below the approach minimums only if the flight visibility is 
not less than the visibility prescribed in the approach procedure. Visibility is listed on 
approach charts in either statute miles or hundreds of feet. When it is expressed in miles 
or fractions of miles, it is usually a prevailing visibility that is reported by an accredited 
observer such as tower or weather personnel. 
When the visibility is expressed in hundreds 
of feet, it is determined through the use of 
runway visual range (RVR) equipment. If 
RVR minimums for landing are prescribed 
for an instrument approach procedure, but 
RVR is inoperative and cannot be reported 
for the intended runway at the time, RVR 
minimums should be converted and applied 
as ground visibility. 
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INOPERATIVE COMPONENTS 

Landing minimums usually increase when a required component or visual aid becomes 
inoperative. If more than one component is inoperative, each minimum is raised to the 
highest minimum required by any single component that is inoperative. ILS glide slope 
inoperative minimums are published on instrument approach charts as localizer mini- 
mums. While Jeppesen depicts 
inoperative component minimums 
with the normal minimums, NOS 
provides a separate inoperative 
components table in each chart 
volume. [Figure 7-14] 
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{1) ILS, MLS, and PAR 


i 4 aaa! 
pope S proach 
ALSF 1 & 2, MALSR, ABCD 
& SSALR 


(2) ILS with visibility minimum of 1,800 RVR. 


If both approach lights and the 
touchdown zone lights are 
inoperative, the visibility must be 
increased to 4000 RVR. 


To 2400 RVR 
To 4 mile 


(3) VOR, VOR/DME, VORTAC, VOR (TAC), VOR/DME {TAC}, LOC, 
LOC/DME, LDA, LDA/DME, SDF, SDF/DME, GPS, RNAV, and ASR 


ALSF 1 & 2, MALSR, 


Figure 7-14. To determine the appropriate & SSALR 
corrections to the landing minimums when SSALS, MALS, & 
an approach component is inoperative, you ODALS 
should consult the Inoperative Components 


or Visual Aids Table in the NOS Terminal (4) NDB je. 
Procedures Publication. ALSF 1 & 2, MALSR c % mile i T p 
& SSALR ABD Va möla >i 

MALS, SSALS, ODALS ABC % mile a“ 
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Regulations permit you to make substitutions for certain components when the 
component is inoperative or is not utilized during an approach. For example, on an ILS 
approach, a compass locator or precision radar may be substituted for the outer marker. 
This allows you to fly the approach without increasing the landing minimums. 
When DME, VOR, or NDB fixes are authorized in the approach procedure or, where 
surveillance radar is available, they also may be substituted for the outer marker. 
[Figures 7-15 and 7-16] 


When flying the ILS Runway 1 
approach, the lowest altitude 
you can descend to is 489 feet 
MSL. The HAT (200 feet) is § 
shown in parentheses. 


Aircraft Approach Categories 


The visibility minimum for the 
full ILS Runway 1 approach is 
RVR 24, or 2,400 feet. If RVR 
is not reported, 1/2 statute mile 
applies. 


a ae, 
STRAIGHT-IN LANDING RWY 1 
1s 
pain 489 (200°) moan) 780491") 


| Jeppesen provides inoperative 
component minimums directly 
| on each chart. For example, if 
the approach light system (ALS) 
is inoperative during the ILS 
Runway 1 approach, the same 
decision altitude (height) of 
489°(200’) applies, but the 
visibility minimums increase to 
RVR 40 or 3/4 statute mile. 
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When the ILS glide slope is 
inoperative, the procedure 


becomes a nonprecision, 


localizer approach and the 
MDA of 780 feet MSL applies. 
The height above touchdown 
(HAT) is 491 feet. 
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The conversion table provides 
various elapsed times to the 
MAP based on the aircrafts 
groundspeed. For example, if 
your 


groundspeed on the 
localizer approach to Runway 1 
is 90 knots, the elapsed time 
from the LOM to the MAP is 3 
minutes. The absence of 
timing information means the 
MAP cannot be determined by 
timing and a timed approach is 
not authorized. 
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The conversion table provides 
the glide slope angie and a 
recommended rate of descent 
to maintain the glide slope 
during an ILS approach. For 
example, if your groundspeed is 
90 knots, your rate of descent 
should be 484 feet per minute 
to remain on the glide slope. 


Maximum speeds for circling 
| are shown in lieu of aircraft 
approach categories. 


You must comply with any 
restrictions applicable to the 


circling approach procedure. At 
Meridian, it is not permissible to 
circle to the east of the Runway 
1/19 centerline. 


Since a circling approach does 
not terminate at a specific 
runway, 


the number in 
parentheses following each 
MDA is a height above airport 
(HAA) elevation. 


Figure 7-15. Jeppesen Landing Minimums — The landing minimums on Jeppesen 
approach charts are highlighted with big bold type, including all DA(H)s and MDA(H)s. 
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Figure 7-16. NOS Landing Minimums 


Aircraft Approach Categories 


Since a circling approach does 
not terminate at a specific 
runway, the number following 
each MDA is a height above 
airport (HAA) elevation. 


You must comply with any 
restrictions applicable to the 
circling approach procedure. At 
Meridian, it is not permissible 
to circle to the east of the 
Runway 1/19 centerline. 


When flying the ILS Runway 1 
approach, the lowest altitude 
you can descend to is 489 feet 
MSL. 


ILS RWY 1 


The ceiling and visibility figures 
in parentheses on NOS charts 


are used for planning purposes 


by the military. 


[~fcatecory[ aA A) 


Circling not authorized east of Rwy 1-19. 


‘(eee 


Nonstandard takeoff and 
alternate minimums apply. 


The visibility minimum for 
the full ILS Runway 1 
approach is RVR 24, or 
2,400 feet. If RVR is not 
reported, 1/2 statute mile 
applies. NOS provides a 
separate table in the front of 
each Terminal Procedures 
Publication volume to 
convert RVR to statute 
miles. 


a 


SKS 1 89/247 200 (200-¥4) 
Se 780/40 —-780/50 
S-LOC 1 780/24 491 (500-%) a ined gt aes ¥ 
Bir 880-1 880.12 | 940-2 | Tore 
kt 563 (600-1) 583 (600-1) 583 (600-1 Y2) 643 (700-2) 


32°20'N-88°45°W 


(ft. per min.) 


GROUND SPEED (knots) 


In a separate descent table 
contained in each Terminal 
Procedures Publication, NOS 
provides the glide slope angle 
and a recommended rate of 
descent to maintain the glide 
slope during an ILS approach. 
In the descent table excerpt 
shown, if your groundspeed is 
90 knots with a 3.0° glide 
| slope, your rate of descent | 
should be approximately 480 
feet per minute to remain on 
the glide slope. 


289 f| MDA of 780 feet MSL applies. 


1 (HAT) is 491 feet. 


SECTION A X3 


On NOS charts, the HAT (200 
feet) is shown after the 
visibility. 


When the ILS glide slope is 
inoperative, the procedure 
becomes a _ nonprecision, 
localizer approach and the 


The height above touchdown 


| 
| 


The time and speed table 
provides various elapsed times 
to the MAP based on the 
aircrafts groundspeed. For 
example, if your groundspeed 
on the localizer approach to 
Runway 1 is 90 knots, the 
elapsed time from the LOM to 


the MAP is 3 minutes. The 
absence of timing information 
means the MAP cannot be 
determined by timing and a 


timed approach is not 
authorized. 
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AIRPORT CHART 
Both Jeppesen and NOS include a diagram 

MERIDIAN, MISS D 
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JEPPESEN 
SMERIDLAN Departure (R) 


of each airport for which they publish an 
instrument approach procedure. NOS 
places an airport sketch in the lower right- 
hand corner of each approach chart, and 
also provides a full-page airport diagram 
for selected airports to assist the 
movement of ground traffic where 
complex runway and taxiway 
configurations exist. Jeppesen uses 
an entire page, called the airport 
chart, for each airport. This chart is 
usually located on the reverse side 
of the first approach chart for a 
given airport. At larger airports, 
Jeppesen provides even more 
detail than the standard airport 
chart. [Figure 7-17] 
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Additional Runway 
Information 


Takeoff and Alternate 
Minimums 


HEADING SECTION 


The heading section of the Jeppesen airport chart identifies the airport, its location, ele- 
vation, magnetic variation, and outbound communication frequencies. There are many 
similarities between this section and the heading section of a Jeppesen approach chart. 


[Figure 7-18] 
Airport Identifier 


Figure 7-17. Like Jeppesen’s approach chart, 
the airport chart is divided into several sec- 
tions. Much of the information contained on 
the Jeppesen airport chart is located on the 
NOS approach chart or the airport sketch. 


With Mim climb ol 
320'/NM to 500’ 


TER DEPARTURE PROCEDURE Rwys 1, 4, 19 & 22, climb 
runway heading to $00' before proceeding on course 


CHANGES. Airport revised 


Airport Name and Location 


JEPPESEN 


MERIDIAN, MISS MEI GD wm 


KEY asos 120.77 
N32 20.0 W088 45.1 *KEY Ground 121.9 


Elev 297’ var O1°E *Tower CTAF 119.8 


JEPPESEN 
*MERIDIAN Departure (R) 


MEMPHIS Center (R) 


124.4 When Dep inop. i 


130.8°/3.8 From MEI 117.0 


The communication section 
lists the frequencies in the 


The latitude and longitude 
coordinates of the official 


The bearing and distance 
from a VORTAC or 


Alternate communication 
frequencies are provided for 


airport location or the airport 


reference point are provided. 
NOS provides these 
coordinates at the bottom of 
each approach chart. 


Airport Elevation 


VOR/DME within 40 nautical 
miles is shown. Bearing and 
distance information is 


usually provided on the NOS | 


airport sketch. 


Local magnetic variation for 
the airport is included on the 
Jeppesen airport chart and 


only on the full-page NOS 
diagram. 


| order they are normally used 
when you depart the airport. 
In this case, you first obtain 
weather information on the 
ASOS frequency. Then, 


contact Key Ground Control, 
then Key Tower, followed by 
Meridian Departure Control. 
The common traffic advisory 
frequency (CTAF) is 119.8 
when the tower is closed. 


operations when departure 
control is closed. NOS charts 
do not list these alternate 
frequencies, nor do they list 
the frequency for departure 
control. 


Figure 7-18. Here is an example of the Jeppesen heading section of the airport chart for Key Field at Meridian, 
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Mississippi. Except as noted, most of the information contained on this chart is listed on an NOS approach chart. 
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PLAN VIEW AND ADDITIONAL RUNWAY 
INFORMATION 


The plan view portrays an overhead view of the airport. Its purpose is to provide you 
with information about the airport, such as its runways and lighting systems. The airport 
reference point (ARP), shown on Jeppesen charts, is the approximate geometric center of 
all usable runway surfaces, and is where the official latitude and longitude coordinates 
are derived. [Figures 7-19 and 7-20] 


Figure 7-19. Jeppesen lists some airport information below the airport diagram. 


Airport Reference Point JEPPESEN 


Runway numbers are located 
at the end of each runway. 
Jeppesen also lists the actual 
magnetic direction of the 
<] runway, which allows you to 


~ 88-46 56a" 28-45 pane aaa j\400 make a final cross-check of the 
3 STAT ae magnetic compass and 


£53390" heading indicator prior to flight. 


If you are flying an aircraft 


with advanced navigation ae 59683 -\ rrr CE 
equipment, latitude and The MSL elevations of selected 
longitude tick marks allow you 
to update your position more § `- 
accurately on the ramp before $: ears} 
flight and improve equipment f> = a cane a i ) The location and elevation of 
accuracy during flight. B o < pa the airport's rotating beacon 
B E 3 S Ie vin oy may be shown. 
SPO sep cea] BOR a oA 
aia *: ari l “ff ) hat oe l a| The location and elevation of 
Jeppesen shows stopways 393) A3 the airporťs control tower may 
associated with a runway, 399) > <3 [be depicted. 
and includes the length of -W Š ; 
the stopway. IEE ike a : 
| aa 500’ Pa z 5 ree The elevation of each end of 
Approach lighting systems ' T a £3 R |the runway usually is listed to 
are diagrammed where 457 E ND G allow you to estimate the 
appropriate. An illustration of AE a. ice iP 2000 a 4000 soo javerage runway slope or 
each approach lighting system se ; AS Meters 0 so %0 i% fgradient. 
is included in the legend ** W o s 88,44 


; : @ HIRL REIL VASI-L ee 9004’ 
and approach lighting 


systems, as well Beee S INN EO 
as ns L 

A eran in Ka) ae 

ae ee ae 


additional runway 


information section. 


The additional runway information 
section contains data, such as 
references to grooved runways, 
RVR equipment, usable runway 
lengths, and runway widths. 


pages for Jeppesen charts. ADDITIONAL RUNWAY INFORMATION 
USABLE LENGTHS 
3 LANDING BEYOND 
F RWY Threshold | Glide Slope | TAKE-OFF _| WIDTH 
| 


This note indicates that 
when Key Tower is closed, 
pilot controlled lighting can 
be activated on 119.8. 
High intensity runway 
edge lights (HIRL) can be 


activated for Runways 1 
and 19 and a medium 
intensity approach light 
system with runway 
alignment indicator lights 
(MALSR) also is available 
for Runway 1. 
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APPROACH 


CHAPTER 7 
NOS shows stopways 
associated with a runway. 


ws 
è 
$ 3 
i 
é é 
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so Bev 297 


Runway numbers are located 
at the end of each runway. 
Runway Width 


Total Runway Length 


Touchdown Zone Elevation 
VASI Installation 


Approach fighting systems are 
diagramed as appropriate. 
NOS uses a coded symbol 
placed adjacent to the runway 
to indicate the type of lighting 
system. An illustration of each 
approach lighting system is 
included in the legend pages 
in each Terminal Procedures 
Publication. 


377ŁA 


008° 4.5 NM 

from Rey á 
REIL R 

MIRL Rwy 4-22 

HIRL Rwy 1-19 6 


This note indicates that when 
Key Tower is closed, pilot 
controlled lighting can be 
activated on 119.8. High 
intensity runway edge lights 
(HIRL) can be activated for 
both Runways 1 and 19 and 
a medium intensity approach 
light system with runway 
alignment indicator lights 
(MALSR as indicated by the 
coded symbol) also is 


fl Usable Runway Lengths 


The location and elevation of 
the airport's control tower may 
be depicted. 


The location and elevation 
of the airport's beacon may 
be shown. 


The MSL elevations of 
selected reference points 
are shown. 


Runway and approach 
lighting systems, as well 
as VASI installations, are 
shown on NOS charts. 
Some additional items, 
such as grooved runways, 
RVR equipment, usable 
runway lengths, and 
runway widths also are 
shown on NOS charts or 
contained in the 
Airport/Facility Directory. 


available for Runway 1. 


Figure 7-20. NOS provides latitude/longitude tick marks on the large airport diagrams for aircraft that have 
advanced navigation equipment. This allows you to update your position more accurately on the ramp 
before flight and improves equipment accuracy during flight. Runway gradient information appears on the 
NOS airport diagram/sketch when it exceeds 0.3%. 


TAKEOFF AND ALTERNATE MINIMUMS 
Both Jeppesen and NOS charts provide information regarding nonstandard takeoff 
and alternate minimums. The FAA has established FAR Part 91 rules for selecting an 
alternate airport for an IFR flight, including standard alternate minimums and nonstandard 
alternate minimums. If the forecast weather at your estimated time of arrival, plus or 
minus 1 hour, indicates a ceiling of less than 2,000 feet or a visibility of less than 3 
statute miles, you must list an alternate airport on your IFR flight plan. To qualify as an 
alternate, the airport you select and the forecast weather for your arrival time, must meet 
certain conditions. The standard alternate minimums for precision approaches are a 
ceiling of 600 feet and a visibility of 2 statute miles. For nonprecision approaches, an 
800-foot ceiling and 2 statute miles visibility apply. 


There are numerous chart differences between Jeppesen and NOS regarding the 
portrayal of takeoff and alternate minimums. Jeppesen lists both standard and nonstandard 
takeoff and alternate minimums and departure procedures on the airport chart. If you are 
using NOS charts, you must refer to separate sections of the Terminal Procedures 
Publication to find the nonstandard takeoff and nonstandard alternate minimums. A 


APPROACH CHARTS SECTION A 


VY symbol on an NOS approach chart indicates when nonstandard 
takeoff minimums apply and/or IFR departure procedures are 
published, and a A symbol alerts you to nonstandard alternate 


Jeppesen prints the 
applicable notes for 
restrictions to alternate 


minimums. [Figure 7-21] 


JEPPESEN 
— - 


minimums on the airport | 


chart. You can use this 
airport as an alternate on 
your flight plan only when 
the control tower is 
operating. 


TAKE-OFF & IFR DEPARTURE PROCEDURE 


IFR DEPARTURE PROCEDURE: Rwys 1, 4, 19 & 22, climb 
runway heading to 800’ before proceeding on course. 


489/24 _ 200 (200-1) 


i 780/40 780/50 

pins nla 49) (200-6) 491 dion | 

(dem | a ae | oe f 3 700 | 
563 (600-1) | 583 (600-1) | 583 (600-1%) | 643 (700-2) |$ 


Circling not authorized east of Rwy 1-19. 


A ALTERNATE MINS 


98113 


NAME ALTERNATE MINIMUMS 
MERIDIAN, MS 

PERV AEE eorne sossarnas coeaninare ILS Rwy 1” 

NDB or GPS Rwy 1° 

VOR/DME RNAV or GPS Rwy 19° 

VOR or GPS-A* 


*ILS, Category D, 700-2. 
NA when contra! tower closed. 
NA when MEI FSS closed. 


NOS uses this symbol to 
indicate nonstandard 
alternate minimums. 


Figure 7-21. This portion of the Jeppesen airport chart can 
be thought of as three separate sections: takeoff minimums, 
departure procedures, and alternate minimums. Takeoff 
minimums and departure procedures are discussed in 
Chapter 4, Section B — Departure Procedures. 


a With Mim climb of 
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FOR FILING AS ALTERNATE 


Authorized Only When 
Twr Operating 


Precision Non-Precision 


For Key Field, standard 
alternate minimums apply for 
the nonprecision approach 
and for Category A, B, and C 
aircraft for the precision 
approach. 


Nonstandard alternate 
minimums apply for the 
precision approach for 
Category D aircraft. 


| For nonstandard alternate § 
minimums, you must consult 
the specific airport in the 
alternate minimums section 
listed in the Terminal 
Procedures Publication. 


NEW APPROACH CHART 


FORMAT 


Prior to flying an instrument approach, a thorough review of the procedure must be 
completed. The FAA recommends an approach briefing as a standard flight deck 
procedure, especially for airline, corporate, and other commercial flight crews. Also, in 
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recent years, crew resource management (CRM) concepts have become more widely 

accepted and used. Flight safety is enhanced when all flight crew members are involved 

and familiar with the approach procedure. Jeppesen’s new approach chart format, 

referred to as the briefing strip chart, incorporates 

human factors research, a standard approach TYPICAL USAGE PATTERN 

briefing sequence of information, crew 

resource management (CRM) tech- KLGA CD 77 ae NEW ORK, Ny 4r 
niques, and an emphasis on usability : l 
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Figure 7-22. The arrangement of information 
on the briefing strip chart is based upon how 
pilots review and use the chart data. 
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MINIMUMS 


HEADING 


The main feature of the chart arrangement is placement of basic information in a common 
location in the heading section for more convenient use during the approach briefing. 


However, you should always review the entire chart for complete information. 
[Figure 7-23] 
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APPROACH CHARTS 


Ə To set up and brief the 


approach, you normally 
refer to the next rows in 
order from top to bottom. 
The communications sec- 
tion is arranged horizont- 
ally in the top row. Notice 
that the frequencies are 
listed left to right in the 
normal sequence of use, 
from arrival to touchdown. 


The first box of the 
approach briefing section 
contains information on 
the primary navigation aid 
used for the approach. It 
includes the navaid type, 
identifier, and the ass- 
ociated frequency. 


The full textual description 
of the missed approach 
procedure is placed here 
since the entire missed 
approach procedure is 
typically referenced during 
the approach briefing. 


When applicable, general 
equipment or procedural 
notes associated with the 
approach are found 
together in this common 


area. Altimetry information 
also is found here. If there 
are no notes associated 
with the approach, this 
row may be omitted. 


Figure 7-23. Jeppesen Briefing 
Strip Chart Heading Section — 
The heading information is 
arranged to remain visible when 
the chart is clipped to the yoke. 


(5) Final approach course 


To verify the selected chart 
is correct and current, you 
review the grouping of the 
NavData/ICAO airport 
identifier, the airport name, 
chart index number, and 
date. The NavData/ICAO 
airport identifier is enlarged 
for easy recognition. Within 
a group of similar procedure 
types, briefing strip charts 
are sequenced according to 
runway number, lowest to 
highest. For example, VOR 
Rwy 18 is sequenced 
before VOR Rwy 36. 


7 NOV 


KLGA 
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113.1 046° 1800'/1778')|  560'/538’) TozE 22' 


-wissen aren: Climblto 2000'|direct UR LO 


ADF required. i 


information is shown 
here, as well as in the 
plan view and profile 
view. 


This box contains the 
glide slope altitude at 
the OM position (or 
equivalent) for precision 
approaches or, the 
minimum altitude at the 
final approach fix (FAF) 


for nonprecision app- 
roaches as shown here. 
Stepdown fixes may 
exist between the FAF 
and MAP. Refer to the 
profile view for com- 
plete information. 


PLAN VIEW 


The plan view section of the new format is essentially the same as the original chart 
format, with the exception of a few subtle changes in appearance. For example, leader 
lines are thinner than the original chart format and contain no arrowhead, 


PROFILE 


VIEW 


SECTION A 


Ww The minimum safe altitude 
(MSA) information is placed | 
here for quick and convenient 
reference. The bearings and 
radials are oriented to the 
point of origin. 


To help you quickly identify and 
retrieve the approach to be 
briefed and flown, the location 
name and procedure identifier 
are grouped together. You 
normally access this information 
first. 


Be he 


JEPPESEN 


NEW YORK, NY 
VOR Rwy 4 


NEW YORK Approach (R) LA GUARDIA Tower Ground 
125.95 | ta | t18-7 121.7 


and hold \ 


For a precision approach, 
this box contains the 
lowest DA(H), based on a 
straight-in landing with all 
equipment operating. For 
the nonprecision approach, 
in this case, it contains the 
lowest MDA(H) for the 
straight-in landing. For 
approaches which do not 
have a straight-in landing, 
or apply to more than one 
runway, this box will 
contain a note which refers 
you to the minimums 
section for the appropriate f 
information. For Category 
Il and IIl ILS approaches, 
additional boxes may be 
added, as appropriate. You 
should always review the 
minimums section for 
complete information. 


The airport elevation 
and the touchdown 
zone or runway end 
elevation are found 
in this box. 


The word conditional in 
parentheses indicates that 
you must consult the 
minimums section. In this 
case the minimums section 
shows that a higher 
straight-in landing MDA(H 
is required if you cannot 
identify a DME stepdown 
fix, as shown in the chart 
excerpt below. 
moam) 740" 


Without D3.2 


— 


(718°) 


The profile view includes style changes with shading, along with some noticeable 
changes, such as the relocation of the conversion table, a graphic representation of the 
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_ 
Figure 7-24. Jeppesen QATAR NORAY 
Briefing Strip Chart D11 ce Eai D3.2 wai 
Profile View 3000‘ ro. 7 
(2978") 46% 1800" x , | Did 
JEPPESEN | (1778°) Ree a 
a RR all | i (718°) | M 


MAP at D!.1 LGA or 
NORAY to MAP 4.9 


Missed approach icons 
represent initial pilot actions 
in the event of a missed 
approach. They provide 
symbolic information about 
the initial up and out 
maneuvers only, and improve 
the connection between the 
profile view graphic and the 
initiation of a missed 
approach procedure. Always 
refer to the missed approach 
instructions in the heading 
section and the plan view 
graphic for complete 
information about the missed 
approach procedure. 


This box graphically depicts 
| the applicable approach light 
system (ALS) and/or visual 
descent lighting aid for the 
straight-in landing runway. 
When REIL, VASI, or PAPI 
systems are available, they 
| are shown on the 
appropriate side of the 
| runway. In this example, 
Runway 4 is equipped with a 
medium intensity approach 
light system with runway 
alignment indicator lights 
(MALSR), and PAPI on the 
right side of the runway. 


The conversion table is 
positioned here to reinforce 
the relationship between the 
profile view graphic and the 
conversion table information. 


approach lighting system, and the 
symbolic depiction of the initial up and 
out maneuvers for the missed approach 
procedure. [Figures 7-24 and 7-25] 


LIGHTING BOX 


The lighting box displays the approach lights (ALS), visual glideslope indicators (VASI or PAPI), 
and runway end identifier lights (REIL) for the straight-in landing runway. The lighting box j 
is omitted when ALS, VASI, PAPI or REIL are not installed. 


REIL 

ae VASI 
Approach Lights Approach Lights Approach Lights REIL and VASI 
and VASI—VASI (Configuration 
and PAPI are Unknown) 
depicted in their 
relative position; 
left, right or 
both sides of 
centerline. 

MISSED APPROACH ICONS Figure 7-25. Jeppesen Briefing 


Missed approach icons include a wide variety of initial action instructions. A representative : Strip an Legend — This 
sample of icons are shown below; ` excerpt from the new approach 


chart format legend depicts 


000° | profile view examples of 
(‘er i) i] 4 -D> | the lighting box and missed 
4 f approach icons. 


Right Turn Left Turn Left Turn Climb Climb to Direct 
(Greater (Greater (Less Than Altitude 
Than 45°) Than 45°) 45°) 
ANY 
270° 117.9 ANY 090° 7000’ 
hdg R-270 117.9 (Rr real 
Fly Heading Track Radiat To Specified To Specified Turn to Turn to 
Fix Navaid Specified Specified 
Course Altitude 
285 kts 
max 
Airspeed Limit Right Turn with Limit 
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D Consider the Source 


How will your approach be affected if the part-time tower is closed and you must use an altimeter setting reported 

for an airport nearby? A higher MDA or DH above that required for obstacle clearance may be required. The U.S. 
Standard for Terminal Instrument Procedures (TERPs) prescribes standardized methods for use in designing instrument flight 
procedures, including takeoff and landing minimums. 


Generally, when the altimeter setting is obtained from a source more than 5 nautical miles from the airport reference point (ARP) 
for an airport, landing minimums may be affected. In the case of a remote altimeter setting source for the VOR or GPS-A approach 
at San Diego, California, Brown Municipal Airport, a circle-to-land 


minimums adjustment of 120 feet is applied as shown in the chart © 256° ave 010.7 , pice: 
excerpts. Where intervening terrain does not adversely influence -4 4000 
atmospheric pressure patterns, the formula used to 076° re 
compute the basic adjustment in feet is as follows: oe 
“San Diego Int} 

7 i . Shindbergh 

Adjustment = 2.30dp + 0.14e, 4 C A, lop 
A ; Ò North Island NAS, 

where dp is the horizontal distance in nautical AIRPORT SE < 
miles from the altimeter source to the airport ref- IKSAN SAN DIEGO, CALIF, 2 
erence point, and e is the differential in feet 133.1° ee DIRES IN IDETE Ņ 
between the elevation of the remote altimeter - MEAK BA 
setting source and the elevation of the airport. ` 


Eff 27 Feb 
2 


Distance from Brown Municipal to San Diego International - 
Lindbergh Field = 15 nautical miles 


Lindbergh Field airport elevation = 15 feet MSL 
Brown Municipal airport elevation = 524 feet MSL 
2.3 x 15 + .14 x 509 = 105’ adjustment 


MDA(H) 1220(696’) + 105’ = 1325'(801’) 


Round to next higher 20-foot increment (add 15 feet to 105 feet = 120 feet adjustment) = 
13407(816’) 


MINIMUMS 

The presentation of landing minimums is unchanged in the new approach chart format. 
The notes applicable to landing minimums are commonly located below the landing 
minimums section. 


AIRPORT CHART 

Minimal changes have been made to airport charts. The headings have been slightly 
rearranged to conform with the new approach chart format. Communication frequencies 
are arranged horizontally in the normal sequence of use. The airport plan view graphic 
includes a new magnetic variation symbol. Additionally, the airport bearing and 
distance from a nearby VORTAC is depicted. 


SUMMARY 

Starting with the 19 September 97 revision, the new Jeppesen approach chart format 
began to appear in Airway Manual revisions. Within a few years, all Jeppesen approach 
and airport charts worldwide will be converted to the new briefing strip format. As 
the revision process develops, this textbook will be revised in accordance with the 
implementation schedule. In the meantime, it is important to supplement your 
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knowledge from the regular approach chart legend by referring to the approach chart 
legend for the new format in the Jeppesen Airway Manual. This legend includes only the 
items unique to the new format. 


SMART CHARTS 


Imagine a chart which orients itself to the direction you are flying and automatically transitions from an approach 
procedure to the airport diagram after you land at your destination. The next generation of charts, which most likely 
will be displayed electronically, will have these features and more. Referred to as smart charts, these electronic displays promise 
to increase flight safety by alleviating workload and helping pilots maintain situational awareness. An approach plan view excerpt 
from an electronic chart prototype is shown here as it might appear in the cockpit on a multifunction display (MFD). 


Developed in 1997 by Marinvent Corporation 
in cooperation with Jeppesen Sanderson, inc, 


Frequencies for communication and 
navigation radios are automatically | 
tuned from information on the chart. 


The minimum safe altitude, or 
MSA, changes automatically 
as the aircraft travels within 
the chart plan view. 


In Track Up mode, text on the 
chart remains horizontal as the 
chart rotates during aircraft 
turns. 


COM Setup | | msa 5.700" | Elevio 
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Current weather and traffic 
information may be overlaid on 
the chart plan view. 


= oS To improve readability, after an 

| e O appropriate approach transition 

Fe) &Y (m) is selected, other transition 
T 9 L routes turn to gray. 

To alert the pilot, terrain 

000! automatically changes color 


based upon the aircraft 
position. Yellow depicts 1,000 
to 2,000 feet clearance, and 
red represents less than 1,000 
feet clearance. 
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The GPS position of the aircraft 
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HABUT _ ERTS KIRIN is depicted on the chart plan 
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3500' mo}, ISBA ILS 


updated as the aircraft travels. 
The circle is used to imply 
general aircraft position only, 
and helps avoid obstructing 
chart information. 
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misseo approacu: Climb to 700' then climbing RIGHT turn to 4000' outbound 
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Straight-In ILS Rwy 7 (Rail Out) 


The landing minimums and 
weather minimums are shown 
by selecting the appropriate 
aircraft approach category and 
operating approach equipment. 
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SUMMARY GHECKLIST 


Y The standard instrument approach procedure (IAP) allows you to descend safely 
by reference to instruments from the enroute altitude to a point near the runway at 
your destination from which a landing may be made visually. An IAP may be 


divided into as many as four segments: initial, intermediate, final, and missed 
approach. 


yY A precision approach, such as an ILS or PAR procedure provides vertical guidance 
through means of an electronic glide slope, as well as horizontal course guidance. 
A nonprecision approach, such as a VOR or NDB approach, provides horizontal 
course guidance with no glide slope information. 


V Feeder routes provide a link between the enroute and approach structures. 


vV The purpose of the initial approach segment is to provide a method for aligning 
your aircraft with the approach course. The intermediate segment primarily is 
designed to position your aircraft for the final descent to the airport. 


yY The final approach segment allows you to navigate safely to a point at which, if the 
required visual references are available, you can continue the approach to a landing. 


/ The final approach segment for a precision approach begins where the glide slope 
is intercepted at the minimum glide slope intercept altitude shown on the 
approach chart. For a nonprecision approach, the final approach segment begins 
either at a designated final approach fix (FAF) or at the point where you are aligned 
with the final approach course, the final approach point (FAP). 


y The missed approach segment begins at the missed approach point (MAP) and 
ends at a designated point, such as an initial approach or enroute fix. 


Y Jeppesen approach charts are filed in a loose-leaf format by state, then by city 
within each state. NOS charts are published in regional volumes referred to as 
Terminal Procedures Publications, with each airport filed alphabetically by the 
name of the associated city. Generally, both charts present the same information; 
however, the symbology and chart layout vary. 


/ Jeppesen and NOS present communication data in the normal sequence of use, and 
both use index numbers for chart identification. 


J The minimum safe altitude, or MSA, provides 1,000 feet of obstruction clearance 
within 25 nautical miles of the indicated facility, unless some other distance is 
specified. 


/ The plan view is an overhead presentation of the entire approach procedure, 
including navaid facility boxes and reference points, such as natural or man-made 
objects. 


/ A procedure turn is a standard method of reversing your course. When a holding or 
teardrop pattern is shown instead of a procedure turn, it is the only approved 
method of course reversal. If a procedure turn, holding or teardrop pattern is not 
shown, a course reversal is not authorized. 


J Minimum altitudes on approach procedures provide clearance of terrain and 
obstructions along the depicted flight tracks. 


/ Feeder routes are indicated with a heavy line arrow on both Jeppesen and NOS 
charts. Each flyable route lists the radial or bearing, the distance, and the minimum 
altitude you must fly to reach an IAF. 


/ A lead radial is a common example of a nonflyable radial. A thin line is used to 
depict the nonflyable lead radial, and it does not have a minimum altitude. 
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/ The touchdown zone elevation (TDZE) is the highest centerline altitude for the first 
3,000 feet of the landing runway. 


/ The profile view shows the approach from the side and displays flight path, facilities, 
and minimum altitudes. Height above touchdown (HAT) is measured from the 
touchdown zone elevation of the runway. Height above airport (HAA) is measured 
above the official airport elevation, which is the highest point of an airport's usable 
runways. 


/ The threshold crossing height (TCH) is the altitude at which you cross the runway 
threshold when established on the glide slope centerline. 


/ The procedure turn, as depicted on the profile view, must be completed within the 
prescribed distance from the facility. 


/ As shown on the profile view, the precision approach FAF is the point at which 
you will intercept the glide slope while operating at the minimum glide slope 
intercept altitude. 


J The missed approach point on a precision approach is shown on both Jeppesen 
and NOS charts. Jeppesen also shows the approximate missed approach point on a 
nonprecision approach. 


/ Many approaches incorporate one or more stepdown fixes, used along approach 
segments to allow you to descend to a lower altitude as you overfly various obstacles. 


VY A visual descent point (VDP) represents the point from which you can make a 
normal descent to a landing, assuming you have the runway in sight and you are 
starting from the minimum descent altitude. 


v An approach procedure to one runway with a landing on another is a circling 
approach. Seperate circle-to-land minimums are published in the landing mini- 
mums section if this procedure is authorized. 


V During a sidestep maneuver, you are cleared for an approach to one runway with a 
clearance to land on a parallel runway. 


vV Aircraft are placed into an approach category based on computed approach speed. 
This speed equals 130% of the aircraft’s power-off stall speed in the landing 
configuration at the maximum certificated landing weight (1.3Vsọo). 


v During a precision approach, the height where you must make the decision to con- 
tinue the approach or execute a missed approach is referred to in the FARs as the 
decision height (DH). NOS charts show the decision height as an MSL altitude with 
the height above touchdown (HAT) listed after the visibility requirement. Jeppesen 
charts reflect ICAO terminology by showing a decision altitude (height) — DA(H) 
as an MSL altitude followed by the height above touchdown (HAT) in parentheses. 


V The minimum descent requirement for a nonprecision approach is shown as a 
minimum descent altitude (MDA) on NOS charts and as a minimum descent 
altitude (height) — MDA(H) on Jeppesen charts. 


v Visibility is listed on approach charts in statute miles, usually as a prevailing 
visibility reported by an accredited observer such as tower or weather personnel, 


or in hundreds of feet determined through the use of runway visual range (RVR) 
equipment. 
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Both Jeppesen and NOS use tables to provide various elapsed times to the MAP 
based on the aircraft’s groundspeed. 


Landing minimums usually increase when a required component or visual aid 
becomes inoperative. Regulations permit you to make substitutions for certain 
components when the component is inoperative or is not utilized during an 
approach. 


The airport diagram plan view portrays an overhead view of the airport, including 
runways and lighting systems. The official latitude and longitude coordinates are 
derived from the airport reference point, or ARP. 


If the forecast weather at your estimated time of arrival, plus or minus 1 hour, 
indicates a ceiling of less than 2,000 feet or a visibility of less than 3 miles, you 
must list an alternate airport on your IFR flight plan. 


Standard alternate minimums for precision approaches are a 600-foot ceiling and 2 
statute miles visibility. For nonprecision approaches, an 800-foot ceiling and 2 
statute miles apply. 


Jeppesen’s new briefing strip charts incorporate human factors research, a standard 
approach briefing sequence of information, crew resource management (CRM) 
techniques, and an emphasis on usability and legibility. 


The heading section of briefing strip charts includes communication frequencies 
arranged horizontally, approach information, and the MSA circle. 


Briefing strip charts depict missed approach icons which represent initial pilot 
actions for up and out maneuvers only. 


KEY TERMS 


Instrument Approach Procedure 
(IAP) 


Airport Elevation 


Threshold Crossing Height (TCH) 
Precision Approach 
Stepdown Fix 
Nonprecision Approach 
Visual Descent Point (VDP) 
Feeder Route 
Circling Approach 
Initial Approach Fix (IAF) 
Sidestep Maneuver 
Intermediate Fix (IF) 
Aircraft Approach Category 
Final Approach Fix (FAF) 
Approach Speed 
Final Approach Point (FAP) 
Decision Height (DH) 
Missed Approach Point (MAP) 
Decision Altitude (Height) — DA(H) 
Minimum Safe Altitude (MSA) 
Minimum Descent Altitude (Height) 
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Touchdown Zone Elevation (TDZE) 
Height Above Touchdown (HAT) 


Height Above Airport (HAA) 


— MDA{(H) 
Airport Reference Point (ARP) 
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QUESTIONS 


Name the four segments which are applicable to instrument approach procedures. 


True/False. The route which provides a transition from the enroute structure to the 
approach structure is called a feeder route. 


What is the missed approach point (MAP) for a precision approach? 


A. Final approach fix 
B. Minimum descent altitude 
C. Decision height while on the glide slope 


Refer to the NOS chart for Dallas Love Airport to answer questions 4 through 18. 


4. 


10. 


ilil 


12. 


What is the appropriate frequency to receive advanced information regarding 
instrument approach procedures in progress at Dallas Love Airport? 


What is the elevation of the Dallas Love Airport? 


A. 485 feet MSL 
B. 487 feet MSL 
C. 685 feet MSL 


What is the ILS localizer magnetic course alignment and frequency? 


True/False. During the transition from WADES Intersection to the NITER OM, you 
must use caution due to the proximity of JIFFY OM to the localizer course. The 5.6 
DME fix from the IDAL localizer can help you identify NITER OM. 


What is the minimum glide slope intercept altitude when you are inbound on the 
intermediate approach segment? 


A. 1,856 feet MSL 
B. 1,900 feet MSL 
C. 2,500 feet MSL 


At what altitude will you cross the outer marker when you are established inbound 
on the glide slope? 


A. 685 feet MSL 
B. 1,856 feet MSL 
C. 1,900 feet MSL 


True/False. If the glide slope becomes inoperative, resulting in a localizer 
approach, the final approach fix is now located at the OM, which is 4.5 nautical 
miles from the end of the runway. 


At what altitude will you cross the runway threshold if you remain on the glide 
slope centerline and continue the approach to a landing? 


A. 50 feet 
B. 52 feet 
C. 200 feet 


What is the difference in feet between the touchdown zone elevation and airport 
elevation? 


A 2 feet 
B. 5 feet 
C. 10 feet 


APPROACH CHARTS 


Amdt 29 98057 
ILS RWY 13L © Aisa elias 


ATIS 120.15 

REGIONAL APP CON 

NORTH 124.3 282.35 
SOUTH 125.2 343. 


=e 


123.7 239.3 

D COI 
121.75 348.6 
CLNC DEL 
127.9 


2 


TOCALIZER 111.3 
par Piee, 


Chan 5 


LOM 
JIFFY 
219 FLSaSTS 


| 


DALLAS-FT. WORTH 


117.0 DFW FES: r; 
Chon 117 COWBOY 704 A885 
s2 cve mg’ 


Chan 109 N 794 5g A ™ rer 
Are 
A 


$. 
1049 7 
ran 1368 Re 


A 


N RADAR REQUIRED 3 


CAUTION: Jiffy OM may be received 
and should not be mistaken for a CEDAR ae 
Niter OM. E ne ae E 


Rwy 13R Idg 8310’ 


mb to 5000 via 130° 
Ra ca be al InnreVE a 7 rar 


1049 


8. NM —————— of 
oo A a a Cll 
S-ILS 13L 685/18 200 (200-% 


840/24 355 {400-14} 


1020-1 102051 Y 


r R ak DA Rep 


32°S1/N-96°51W DALLAS, TEXAS 
ILS RWY 1 3L DALLAS-LOVE FIELD (DAL) 
99 SC-2, 23 APR 


13. According to straight-in landing minimums, what is the decision height for a 
Category A aircraft? 


A. 685 feet MSL, or 200 feet above the TDZE 
B. 840 feet MSL, or 355 feet above the TDZE 
C. 1020 feet MSL, or 533 feet above the TDZE 


14. If the glide slope is not operational, what is the minimum descent altitude? 


15. If you maintain a groundspeed of 90 knots while flying a localizer approach, what 
is the elapsed time from NITER OM to the MAP? 


16. What is the MDA for a Category C aircraft performing a circling approach? 
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17. Which runways are equipped with VASI installations? 


A. 18/36 only 
B. 31R, 13R only 
C. 18/36, 31R, 13R 


18. True/False. When you are filing Dallas Love as an alternate airport, standard alter- 
nate minimums apply for all aircraft categories and all runways. 
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Refer to the Jeppesen Twin Falls, Idaho ILS Runway 25 briefing strip approach chart to 
answer questions 19 through 22. 


19. On the LOC (GS out) approach, how can the MAP be identified? 


A. When crossing the middle marker 
B. At 0.8 DME from the Twin Falls VORTAC only 
C. At0.8 DME from the Twin Falls VORTAC, or timing from STRIK 


20. True/False. PAPI is available on the left side of Runway 25. 

21. Describe the purpose of the missed approach icons in the profile view. 

22. What does the bold letter D with an arrow mean in the missed approach icons? 
A. DME 


B. Direct 
C. Distance 
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Under VFR, you fly the traffic pattern to prepare for landing and align your aircraft with 
the final approach course. In IFR conditions, you will 
need to fly an instrument approach procedure (IAP) to 
accomplish the same goal. While a standard rectangular 
traffic pattern is used at most air- 
ports, the direction and placement 
of the pattern, the altitude at which 
it is flown, and the procedures for 
entering and exiting the pattern 
may vary. A similar situation exists 
for instrument approaches. While 
IAPs have many basic features in 
common, each approach procedure 
is unique. [Figure 7-26] 
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or you may fly straight in from a feeder route, y, 
airway, or after completion of a DME arc. ; 


Figure 7-26. Once you under- 

stand the fundamental elements ; 
of instrument approaches, you will > bo p” 
be able to apply this knowledge d 
to interpret and execute specific 
procedures depicted on B 
approach charts. Some approaches utilize off-airport navaids 
while others use a primary navaid located 4 
on the airport. 
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PREPARING FOR THE 
APPROACH 


During your IFR flight planning, you should examine the approach charts for your 
destination to review procedures and symbology. As you approach your destination, the 
type of approach to expect will be provided by a controller or broadcast on ATIS. The 
purpose of this information is to help you plan your arrival actions; however, it is not an 
ATC clearance or commitment and is subject to change. For 
example, a shift in wind direction, fluctuations in weather 
conditions, and a blocked runway are conditions which may 
result in changes to approach information previously 


Procedure Title. 


Communication Frequencies 


received. 

APPROACH CHART 

REVI EW Altitude at Which You Will Cross 

After you have been advised as to which approach to expect, the FAF or FAP (Nonprecision 

you should conduct a thorough approach chart review to Approach) or Glide Slope Intercept 
ai : Are Altitude (Precision Approach) 

familiarize yourself with the specific approach procedure. In 

addition to reviewing the primary elements of the charted pro- ‘DA(H) — Precision Approach or 

cedure, you should tune and identify the appropriate commu- MDA(H) — Nonprecision Approach 


nication and navigation frequencies well before you initiate 
the approach. [Figure 7-27] 


Figure 7-27. An approach chart review should always be conducted with empha- Touchdown Zone Elevation, 
sis on the key information shown here, as well as additional features which are J a 
unique to the specific procedure. Briefing strip charts provide an easy way to 
quickly identify the primary items during an approach chart review. 
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APPROACH CLEARANCE 

Since several instrument approach procedures, using a variety of navaids, may be 
authorized for an airport, ATC may clear you for a particular approach procedure, 
primarily to expedite traffic. You should notify the controller immediately if you desire 
a different approach; however, it may be necessary for ATC to withhold clearance for 
the approach until such time as traffic conditions permit. If ATC does not specify a 
particular approach but states, “cleared for approach,” you may execute any one of the 
authorized IAPs for that airport. This clearance does not permit you to fly a contact or 
visual approach. 


Except when you are being radar vectored to the final approach course, you must 
execute the entire procedure commencing at an IAF or an associated feeder route unless 
an appropriate new or revised ATC clearance is received, or the IFR flight plan is 
canceled. Feeder routes provide a transition from the enroute structure to the IAF or to 
a facility from which a course reversal is initiated. [Figure 7-28] 
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Figure 7-28. There may be several 
feeder routes designated for an 
instrument approach procedure 

to cater to airplanes arriving from 
different directions. However, 
many procedures do not require 

me a feeder route. For example, a 

27 VED Eee POLK feeder route is not necessary if 

the enroute structure ends at an 
initial approach fix. 


EXECUTING THE 

APPROACH 

As you transition from the enroute to the terminal environment, your workload 
increases, To execute an instrument approach, you must perform an extensive sequence 
of tasks and normally more precise flying and navigation skills are required than during 
enroute operations. Some general procedures for executing approaches are introduced 


here, while more detailed descriptions of specific nonprecision and precision approach 
procedures are presented in Chapter 8. 


STRAIGHT-IN APPROACHES 


The terms straight-in approach and straight-in landing are often used interchangeably 
although they do have specific definitions when used in ATC clearances or in reference 
to landing minimums. Straight-in landing minimums normally are used when the final 
approach course is positioned within 30° of the runway and a minimum of maneuvering 


is required to align the airplane with the runway. If the final approach course is not 
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of the mesa’s edge. 


The high landing minimums and special missed 
approach procedures are designed to allow for 
clearance of high terrain near the airport. 


These advisories are included on an airport 
qualification chart for Telluride Regional Airport. 
Airport qualification charts were developed to help 
pilots meet the requirements of FAR 121.445, Pilot 
in Command Airport Qualification: Special Areas 
and Airports. This regulation requires that pilots 

in command of Part 121 carriers meet special 
qualifications to operate at selected airports due 
to surrounding terrain, obstructions, or complex 
approach or departure procedures. 


One way to meet these qualifications is for the 

pilot in command or second in command to have 
performed a takeoff and landing at the applicable 
airport as a flight crewmember within the preceding 
12 calendar months. Another way is through the use 
of acceptable pictorial means and that is where air- 
port qualification charts come in. 


Airport qualification charts are valuable tools to 
help pilots maintain situational awareness during 
approaches to challenging airports. These charts 
provide photos of the airport, graphic and textual 
descriptions of the surrounding terrain and 
obstacles, as well as typical weather conditions and 
other unique airport information of concern to pilots. 
While they were originally developed for Part 121 
airlines, airport qualification charts are an effective 
resource used by pilots in a wide variety of operat- 
ing environments, including corporate and general 
aviation flights. 


a 


_ SECTION B 


STATE YOUR) QCUALIFICATIONS 


The airport is located on a 1,000-foot mesa. Strong vertical turbulence and variable crosswinds may exist in the area 


s 


AIRPORT QUALIFICATION 


TELLURIDE, COLO 
TELLURIDE REGL 


Rwy 9 


JEPPESEN 24 MAY 
Airport Qualification: High field elevation. 
Rising terrain all quadrants. 

Airport on 1000’ mesa; strong vertical turbulence 
in area of mesa edge. 

Recommend approach from the west. 

Nolse sensitive areas. 


r Trans level: FL 180 MSA 
Aln setni NCHES Trans alt: 18000’ (8922 ETL VOR __KTEX Apt. Elev 9078’ 
— ———— 


This is the primary runway for IFR arrivals and uses right traffic. 


This is the recommended runway for landing. 


Visual vertical guidance is provided by PAPI (3.5°) on the feft side of the 
runway. 


Rejected landing, missed approach, and engine inoperative missed approach 
procedures require special attention to climb gradients due to high terrain in 
the missed approach area (rising terrain above 11,000 feet MSL within 3 nm 
north and east, and over 10,000 feet MSL within 2 nm to the south-southwest 
of the airport). 


properly aligned, or if it is desirable to land on a different runway, a circling approach 
may be executed and circle-to-land minimums apply. While most approach procedures 
provide landing minimums for both straight-in and circling maneuvers, some may 
be limited to circle-to-land minimums only. For example, an approach from a VOR 
facility not closely aligned with any of the runways on the airport would authorize only 


circling maneuvers. 


In contrast to a straight-in landing, the controller terminology, “cleared for straight-in 
approach .. .” means that you should not perform any published procedure to reverse 
your course, but does not reference landing minimums. For example, you could 
be “cleared for straight-in ILS Runway 25 approach, circle to land Runway 34.” A 
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straight-in approach may be initiated from a 
fix closely aligned with the final approach 
course, may commence from the completion 
of a DME arc, or you may receive vectors to 
the final approach course. [Figure 7-29] 


Figure 7-29. Straight-in landings and straight-in approaches 

should not be confused. If you are not being radar vectored, 

generally you begin a straight-in approach at an outlying 

IAF, then fly the initial and intermediate 

segments, which places you on the final Straight-in landing procedures are 
approach segment. named to identify the type of navaid 
which provides final course guidance 
and are numbered to identify the 
ee runway which is aligned to the final 


sans I Ly S 120.1 approach course. 


DENVER Center (8) 128.37 when App inop. 
®PUEBLO Tower CTAF 1] 19. 1 
*Ground 121.9 


Use local altimeter setting; if unavailable, 
procedure not authorized. 


If \ 


2 ee 
designated i 1 of 285°, you will intercept the final approach 
| CI 


procedure one 


rse 
oat 


PUEBLO, COLO 
PUEBLO MEML 


ILS Rwy 26R 


toc 108.3 ITFR 
y Astraight-in approach may be flown from ORWAY 
Intersection, an IAF formed by the 081° radial 
from Pueblo VORTAC and the 133° radial from 
Black Forest VORTAC (BRK). By flying a heading 


APPROACH 


course of 257°. Once established on the final 
approach course, you should maintain the glide 


inbound. ourse slope intercept altitude of 6,600 feet MSL. 
ei inal a F P P 


e 
JEPPESEN - rum NG. 
“a 116.7. PUB Xe, 
P, 
6600“ 
NoPT XB 


28 


HE. 
ns > D10.0 PUB 
257° 108.3 ITFR 


1 in=5 NM 


0 


MISSED APCH FIX 


N N 9770 
GS6521/ 1865 
X 


6600” 
(1944') 


N 


WLM." 
“MMM 


` 


` Depending on the circumsta 
required to either execute < 


LOC (GS out) 
moam) 3060! (404°) 


MDA(H) 


7-40 


> pg 116.7 OSO ing 


{IAF} 
ORWAY 
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receiving equipment, a lead radial provides 
a cue for you to change the receiver to the 
localizer or other facility providing course 
guidance. Lead radials also ensure you are 
within the clearance coverage area of 
localizer facilities before changing frequency 
or accepting on-course indication. The 089° 
radial and the 065° radial from Pueblo 
VORTAC form lead radials on the DME arc. 
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A straight-in approach also is required if an airway provides a means of navigating 
directly to the final approach course. When this occurs, the approach chart may show a 
NoPT (no procedure turn) arrival sector formed by airways leading to an enroute navaid 
which also serves as an initial approach fix. [Figure 7-30] 
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USE OF ATG RADAR FOR APPROACHES 

In locations where radar is approved for approach control service, it also may be used 

in conjunction with published instrument approach procedures to provide guidance 

to the final approach course or to the traffic pattern for a visual approach. In addition, 

approach control radar is used for airport surveillance radar (ASR) and precision 
approach radar (PAR) approaches 


n and to monitor nonradar approaches. 
m 


- g è . í z 
ATC racaraperevediior appear edil ATS provides azimuth guidance and 
D ie E range information during an ASR 
Q service is used for course guidance to the approach aA a a a dant 
_ final approach course, ASR and PAR- HE 8 8 £ 


approaches, and the monitoring of nonradar approaches. a azimuth; een aion 
í during a PAR approach. These 


approach procedures may be used in 

an emergercy situation, such as dur- 
ing a loss of gyroscopic instruments. ASR and PAR approaches are discussed in 
greater detail in Chapter 10, Section A — IFR Emergencies. 


Radar vectors to the final approach course provide a method of intercepting and 
proceeding inbound on the published instrument approach procedure. During an 
arrival, you normally are cleared to the airport or an outer fix that is appropriate to your 
Pie arrival route. Once you have been handed off to approach control, you continue inbound 
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to the airport or to the fix in accordance with your last route clearance. ATC will advise 
you to expect radar vectors to the final approach course for a specific approach proce- 
dure unless that information is included in ATIS. [Figure 7-31] 


Radar vectors and altitude assignments are 
issued as needed for spacing and aircraft 
separation. 


Once you are on the final approach course, 
make any further descent according to the 
minimum altitudes published on the 
approach chart. 


"Piper 8450B, turn left heading 180, 
descend and maintain 8,700, vectors to the 
ILS Runway 35R final approach course." 


As you approach the 
localizer course, you 
must maintain the last 
assigned heading of 
320° and altitude of 
8,700 feet MSL until 
you turn inbound and 
intercept the localizer. 


The assigned headings normally permit 
| you to establish the aircraft on the final 
approach course prior to the FAF. 


ATC will attempt to provide an intercept 
angle for the final approach course of no 
greater than 30°. When ATC issues the 
intercept heading, it normally is qualified | Ame 7 98713 D 
with additional instructions. As a general ILS RWY 35R ALS715 (FAA) 
rule, the approach clearance is issued in Ree oro 

conjunction with the final vector. The | | CENTER rowex E a 
controller will stipulate a minimum GND CON 

altitude for you to maintain until you are CNC peL 

established on a segment of the 

published procedure. 


SW-1, 23 APR 
O DENVER/ CENTENNIAL (APA) 
DENVER, COLORADO 


"Piper 50B, 6 miles southeast of Casse, 
turn right heading 320 maintain 8,700 
until established on the localizer. Cleared 
ILS Runway 35R approach, contact 
tower 118.9 at Casse.” 


Figure 7-31. Although radar vectors are freque! 
used in conjunction with ILS approaches, they also can 
be used with nonprecision approaches. When radar 
vectors are provided during an instrument approach 
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procedure, a published course reversal is not required. 


ADF or RADAR REQUIRED 


You can refer to the profile view to Cimb 7 hen cn ACH ng LOMIRADAR — 
turn to 8700 direct Cosse within 10 NM 


determine the minimum altitude (8,000 
feet MSL) for descent on the final 
approach course until you intercept the 
glide slope. 
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While being radar vectored, you should not 
turn inbound on the final approach course until 


_ When you are cleared for an approach you are cleared for the approach. If it appears 

Rd while being radar vectored, you must imminent that an assigned heading will cause 
maintain your last assigned altitude until you to cross through the final approach course 
established on a segment of the published approach. and you have not been advised that you will be 
See figure 7-31. vectored through it, question the controller. 


The controller may intentionally vector you 
through the final approach course to achieve 
traffic separation. If this is the case, the 


will cause you to pass through the final reason such as, “. . . expect vector across final 


Ar If it becomes apparent an assigned heading controller should advise you and state the 


approach course, you should maintain that approach course for spacing.” 
heading and question the controller. 


During the process of radar vectoring, the 

controller is responsible for assigning altitudes 
that are at or above the minimum vectoring altitude (MVA). These altitudes are estab- 
lished in terminal areas to provide terrain and obstruction clearance. The MVA in a 
given sector may be lower than the nonradar MEA, MOCA, or other minimum altitude 
shown on instrument charts. [Figure 7-32] 


= 
A i 2,000 Feet 


The MVA provides 1,000 feet of 
obstruction clearance in nonmountainous # 


areas and, in most cases, 2,000 feet in 
designated mountainous areas. 


The MVA also should provide a margin of 
at least 300 feet above the floor of 
controlled airspace. 


1,000 Feet 


700 Feet AGL 


Figure 7-32. The altitudes you are assigned by ATC when being radar vectored should provide terrain 
and obstruction clearance, as well as maintain your aircraft within controlled airspace. 


APPROACHES WHICH REQUIRE 
COURSE REVERSAL 


Some approach procedures do not provide for straight-in approaches unless you are 
being radar vectored. In these situations, you are required to complete a course reversal, 
generally within 10 nautical miles of the primary navaid or fix designated on the 


approach chart, to establish your aircraft inbound on the intermediate or final approach 
segments. [Figure 7-33] 
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If the procedure turn symbol is shown, the point where you begin the 
course reversal and the type and rate of turn are optional. However, you 
must remain within the airspace designated for the course reversal. 


JEPPESE 


D 
080° mP 


5 aa 260%} 855 


A If you are above the altitude 
7694 Doe, 


designated for the course | 
reversal, you may begin] 
descent as soon as you 
cross the IAF. 


a a. NA ae E r A 
_A procedure turn barb __~ 
tis shown on NOS charts. 


A procedure turn is § 
depicted on Jeppesen |__—_— 
charts by this symbol. 


VORTAC 


Remain 
within 10 NM 


When a teardrop or holding pattern | 

is used in lieu of a procedure turn, 
you must fly the course reversal 
pattern as charted. 


When a holding pattern is published as a 
course reversal, you must make the 
proper entry and follow the depicted 
pattern to establish your aircraft on the 
inbound course. The holding pattern 
must be flown with one-minute legs or 
the published leg length. Additional 
circuits in the holding pattern are not 
necessary or expected by ATC if you 
are cleared for the approach prior to 
returning to the fix. In the event you 
need more time to lose altitude or 
become better established on course, 
you should advise ATC and obtain 
approval for additional turns. 


Figure 7-33. A course reversal may be depicted on a chart as a procedure turn, a racetrack pattern (holding 
pattern), or a teardrop procedure. The maximum speed in a course reversal is 200 knots IAS. 
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Often the terms procedure turn and course reversal are used interchangeably. For 
example, if you are flying an approach 
segment shown on the chart with the 


| if a teardrop or holding pattern is shown on notation, NoPT (no procedure turn) you may 
Rd an approach chart, you must execute the not execute the course reversal depicted 
course reversal as depicted. See figure 7-33. whether it is indicated by the procedure turn 


symbol, holding pattern course reversal, or 
teardrop pattern. 


TIMED APPROACHES 
FROM A HOLDING FIX 


Timed approaches from a holding fix are generally conducted at airports where the 
radar system for traffic sequencing is out of service or is not available and numerous 
aircraft are waiting for approach clearance. [Figure 7-34] ATC may not specifically state 
that timed approaches are in progress. However, if you are issued a time to depart the 
holding fix inbound, it means that timed approaches are being used. The holding fix may 
be the FAF on a nonprecision approach, while a precision approach may utilize the 
outer marker or a fix used in lieu of the outer marker for holding. [Figure 7-35] 


Timed approaches from a holding fix may be conducted 
if the following conditions are met. 


¢ A control tower is in operation at the airport where 
the approaches are conducted. 


e Direct communication is maintained between you 
and the center or approach controller until you are 
instructed to contact the tower. 


e if more than one missed approach procedure is 
available, none require course reversal. 


e If only one missed approach procedure is available, 
course reversal is not required, and reported ceiling 
and visibility are equal to or greater than the 
highest prescribed circling minimums for the IAP. 


Figure 7-34, Timed approaches e When cleared for the approach, you shall not 
from a holding fix are not performed execute a procedure turn. 


at all airports. ATC initiates timed 
approaches only if certain conditions 
are met. 


If more than one missed approach 
procedure is available, a timed approach 


from a holding fix may be conducted if 
If only one missed approach procedure is 


available, a timed approach from a holding 
fix may be conducted if the reported ceiling 
and visibility minimums are equal to or greater than 


l the highest prescribed circling minimums for the IAP. 
Timed approaches from a holding fix are See figure 7-34. 


only conducted at airports which have 
operating control towers. See figure 7-34. 
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Assume that you are turning 
inbound in the holding pattern at 
1425Z when ATC advises you to 
depart the holding fix inbound on 
the approach at 1429Z. You must 
adjust the holding track to take up 
the remaining four minutes. 


When making a timed approach from a — 
Rd holding pattern at the outer marker, adjust H 
the holding pattern so you will leave the outer | 

marker inbound at the assigned time. See figure 7-35. ' 


1 Minute 


You adjust the final holding circuit by 
turning outbound (one minute), flying 
outbound for 30 seconds, turning 
inbound (one minute), and flying 
inbound for 30 seconds. 


Since it will require one minute 
to reach the holding fix, the 
remaining holding circuit must 
last three minutes. 


By adjusting the holding pattern, you 
should arrive over the final approach 
fix inbound at or near 1429Z. 


Figure 7-35. When timed approaches are in 
progress, you will be given advance notice 
of the time you should leave the holding fix. 


FINAL 
APPROACH 


While the published approach procedure N | 

guides your descent to the MDA or DH, one of 

the most important elements of final approach is knowing when you can safely continue 
below the minimum altitude designated for the approach. FAR 91.175 lists the requirements 
which must be met to descend below the DH or MDA. You must be able to identify spe- 
cific visual references of the runway environment, as well as comply with visibility and 
operating requirements. [Figure 7-36] 


Figure 7-36. If you are using the approach lights for reference, you may not descend lower than 100 feet above the touch- 
down zone elevation unless the red terminating bars or the red side row bars are also distinctly visible and identifiable. 
Red terminating bars and side row bars are used in ALSF-1 and ALSF-2 approach lighting systems. The red terminating 
bars located near the threshold pertain to ALSF-1 systems, and the red side row bars are included in the ALSF-2 system. 


rized MDA or continue an approach below the authorized DH un 


* The flight visibility is not less than the vis bility 


ia Ee Dd 


e The aircraft is continuously in a position. agi a S aii 
from which a descent to a landing on the en 8 94 aiie a |en 820 taet) 
intended runway can be made at a norma i [RAIL out [Als out} ts 


rate of descent using normal maneuvers, and t rn 24 | he aa estat a BAO tee i 
for operations conducted under Part 121 or anaes end oh ralo TA | ] 
Part 135 unless that descent rate will allow madd reitjeralh 
touchdown to occur within the touchdown a is] 980 1507-2 
zone of the runway of intended landing. 
e At least one of the aon rere -aerenuea for the 
intended runway is distinctly visible and identifiable: 
1. The approach light system 
The threshold 
The threshold markings 
The threshold lights 
The runway end identifier lights 
The visual approach slope indicator 
The touchdown zone or touchdown 
zone markings 
8. The touchdown zone lights 
9. The runway or runway markings 
10. The runway lights 
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The advantage of an ILS approach is that you can simply descend on the electronic glide 
slope to the decision height, and if you meet the requirements for descent below the DH, 
you are aligned with the runway at an appropriate altitude and position for executing a 
landing. If you are flying a nonprecision approach, you must plan your descent from the 
final approach fix to the MDA so the aircraft is in a position to land. [Figure 7-37] 


Figure 7-37. During a nonprecision approach, you should descend at a rate pn 
that allows you to reach the MDA prior to the MAP so that you are in a position i] 
to establish a normal | 
rate of descent from the JEPPESEN 
MDA to the runway, using 

normal maneuvers. 
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Weather Service 


VASI lights can help you maintain the proper descent angle to the runway once you have 
established visual contact with the runway environment. If a glide slope malfunction 
occurs when you are in IFR conditions during an ILS approach, you must apply the 
localizer-only minimums (MDA) and report the malfunction to ATC. Once you have 
established visual references, you may continue the descent at or above the VASI glide 
path for the remainder of the approach. [Figure 7-38] 


You are executing an ILS approach and are 
past the OM to a runway which has VASI. If the 
| glide slope malfunction occurs, and you have 
the VASI in sight, you may continue the approach using the 
VASI glide slope in place of the electronic glidestope. 


Figure 7-38. At airports with operating control 
towers, you must maintain a glide path at or 
above the VASI while approaching a runway 
served by a VAS! installation. 


Once you have reached visual conditions on the approach, you should be aware that 
certain landing illusions may be apparent as you approach the runway. These visual 
illusions are the product of various runway conditions, terrain features, and atmospheric 


APPROACH PROCEDURES 


D A Perfect Approach Plus a Bounced Landing Equals Success 


At 4:35 a.m. local solar time (11:34 a.m. Pacific time) on July 4, 1997, the Mars Pathfinder lander sent its first radio 

transmission from the surface of the red planet. The celebrations that followed were well deserved for the Pathfinder 
had just completed the most BROS i st mci age ic E a N 
challenging part of its mission 
— the approach and landing. 
During the five minutes in which | 
the spacecraft transitioned from ; 
the enroute portion of its flight à k i : 
to the rigors of atmospheric entry, descent, and ve more than 50 critical events had to occur at precisely the rant times. 
Pathfinder embarked on its journey from Earth seven months earlier — its mission not only to study Mars but to open a new era of 
exploration by demonstrating the feasibility of developing and launching a low-cost spacecraft and mobile vehicle in a relatively 
short period of time (three and a half years). 


Pathfinder’s final approach began at an altitude of 130 kilometers and a speed of 27,000 kilometers per hour as it entered the 
atmosphere behind a protective aeroshell tingiucing a heat Stile After a ald was deployed to slow the lander, the heat 
Cruise-Stage p- aA shield separated and the lander 
A Separation a was lowered beneath its back- 
ea | shell on a 20-meter-long bridle, 
| or tether. To further decrease its 
speed as it neared the surface, 
Pathfinder’s radar altimeter 
triggered the firing of three solid 
rocket motors contained in the 
backshell. Next, giant air bags 
inflated around each face of the 
lander and the bridle was cut. 
After a perfect approach, a 
smooth landing was not in 
Pathfinder’s future. As planned, 
the ballooned-covered lander 
bounced at least 15 times before 
coming to rest on the Martian 
terrain. Surface operations 
began after the air bags were 
deflated and the petals of the 
me tetrahedron-shaped lander 
oo © e l were opened. 


j E In addition to demonstrating an 
innovative approach and landing 
sequence, Pathfinder’s mission 
| exceeded expectations. Over 2 
' billion bits of new data was 
get received from Mars, including 


16,500 lander and 550 rover images and over 8 million temperature, 
pressure, and wind measurements. The rover Sojourner explored over 200 
square meters and obtained measurements of rock and soil chemistry, as 
well as completed numerous soil-mechanics and technology experiments. 
While its scientific and technological accomplishments were impressive, 
perhaps Pathfinder’s greatest achievement was to fuel the public’s sense of 
adventure and ignite our passion for knowledge and exploration. The 
largest Internet event in history, the mission garnered 566 million hits in i 
one month. wee *.. A ‘Gourtesy ol NASA 
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phenomena which can create the sensation of incorrect height above the runway or 
incorrect distance from the runway threshold. [Figure 7-39] 


Situation illusion l Ault 


Upsloping Runway Greater Height 
or Terrain 
Narrower-Than-Usual ; 
Runway Greater Height 


Featureless Terrain Greater Height 
Rain on Windscreen Greater Height 


Greater Height 
Less Height 
Less Height alk 
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Figure 7-39. You should pay particular attention to illusions which lead to a 
jower-than-normal final approach profile. 


CIRCLING APPROACHES 


Several situations may require you to execute a circling approach. For example, a 
circling approach is necessary if the instrument approach course is not aligned within 
30° of the runway. At times, you may find that unfavorable wind or a runway closure 
makes a straight-in landing impractical. Circling minimums appropriate to each aircraft 
approach category are established in accordance with TERPs criteria. Each circling 
approach is confined to a protected area which is defined by TERPs and also published 
in the AIM. The size of this area varies with aircraft approach category. Only if 
you remain within the protected area are you assured obstacle clearance at the MDA 
during circling maneuvers. In addition, you must remain at or above the circling 
MDA unless the aircraft is continuously in a position from which a descent to a 
landing on the intended runway can be made, using a normal rate of descent and normal 
maneuvering. [Figure 7-40] 


As you know, approach categories are based on 1.3 times the stall speed in the landing 
configuration. When executing a circling approach, just as you do during a straight-in 
landing, you must use the appropriate approach category minimums for your aircraft. 
However, if you operate at a higher speed than is designated for your aircraft approach 
category, you should use the minimums of the next higher category. [Figure 7-41] 


APPROACH 
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The circling approach protected area is established 
by the connection of arcs drawn from each runway 
end. The radii (r) which define the size of the areas 
vary with the approach category. As the approach 
speeds increase, the turn radii increase which 
often results in higher circling MDAs. 


90 i| 
120 6280'(521')-1 

140 6700'(941')-2% 

165 6740'/981°)-3 


If obstacles are present within the protected 
area, a procedural note may be added which 
prohibits circling within a portion of that area. 


CIRCLE-TO-LAND 


Not Authorized 
North of Rwy 10-28 


If you are circling to land in a Category A aircraft at the 
appropriate MDA, you must remain within 1.3 nautical miles 
from the ends of the runways, even if the visibility minimum for 
the approach is greater than this distance. For example, the 
Category A aircraft circle-to-land visibility minimum for this 
approach is 2 3/4 statute miles, or approximately 2.4 nautical 
miles. Higher visibility minimums do not constitute authorization 
1 to leave the protected area while circling to land. 


"Cessna 52241, cleared VOR Runway 1 
approach, circle to land Runway 28." 


Figure 7-40. During a circling 
approach, you are provided ‘ a5 + 
obstacle clearance at the MDA as 1507 (1600-3 
as long as you maneuver within nan oaea 
the protected area. 


Up to 90 knots 
91 to 120 knots 
121 to 140 knots 
141 to 165 knots 


Figure 7-41. If you are 
circling in a Category B 
aircraft, but you are 
operating at a speed 


CIRCLE-TO-LAND 


Above 165 knots | above the Category B 
speed limit, you should 
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If you circle to land at 125 knots, you 90 840" 446')- | ity requirement appro- 
should use Category C minimums. pu -a f piate'to Olly C. 
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In simple terms, the circling approach procedure involves flying the approach, 
establishing visual contact with the airport, and positioning the aircraft on final 
approach to the runway of intended landing. However, the circling approach is not a 
simple maneuver, since you are required to fly at a low altitude at a fairly slow airspeed 
while remaining within a specifically defined area. Remember that you fly the circling 
approach at or above the MDA, and you cannot descend from the MDA until the airplane 
is properly positioned to make a normal descent to the landing runway. [Figure 7-42] 


"Piper 8450B, cleared VOR Runway 36 
{| approach, circle to land Runway 18." 


F 4 FÉ, 
CIA f LUA 


| As you approach Runway 36 £ DF i Gee 'f you do not see the 
| at the MDA, you may sight = ti sometime’: | runway in time to initially 
the runway in time to enter a i | execute a downwind leg, 

=) downwind leg. a ee you may fly this pattern. 


“Piper 8450B, cleared VOR-A approach.” 
Í 


When your final approach course intersects the 
runway centerline at less than 90°, you may see the 
runway early enough to establish a base leg. 


T 
27 
UAH 


Although an approach procedure may only have circling 
minimums, you may execute a straight-in landing if you 
have the runway in sight in sufficient time to make a normal 
approach for landing and you have been cleared to land. 


If you do not see the runway in 
time for a base-leg entry, you 
| can circle to reenter the pattern. 


Figure 7-42. To position 
your airplane properly 

on final approach while cir- 
cling, several options are 
available to you as you enter 
the traffic pattern, including 
an upwind, base, or down- 
wind entry. As a general 
rule, you should plan on a 
traffic pattern entry that 
requires the least amount of 
maneuvering. 


You should be very cautious when making circling approaches since they can be 
extremely hazardous when combined with such factors as low visibility, hilly or 
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mountainous terrain, and/or night operations. You must remain within the protected 


area for your aircraft approach category while circling, and once you descend below the 
MDA, obstacle clearance is your own respon- 


sibility. If conditions prevent you from TE * 
seeing well enough to guarartee obstruction | You may execute a straight-in landing if the 
clearance during the final descent, you Rd IAP has only circling minimums if you Fate 
should not continue the approach. Many = _ the runway in sight in sufficient time to i 
accidents have occurred during circling mem approach for landing and you have 
approaches because the pilot could see lights been cleared to land. See figure 7-42. i 


in the vicinity but could not see hilly or 
mountainous terrain between the aircraft and 
the airport. 


SIDESTEP 
MANEUVER 


Under certain conditions, your approach 
clearance may include a sidestep maneuver. 


When ¢ cleared " ra ry ee TEN * 
sidestep maneuver for a we a 
parallel runway, you any ici orc A 


At some airports where there are two parallel _ maneuver as soon as pgina afte r the runway or 
runways that are 1,200 feet or less apart, you runway environment is in ae pd bá vi -4 
may be cleared to execute an approach to y 


one runway followed by a straight-in landing 
on the adjacent runway. [Figure 7-43] 
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į This airport diagram of George 
Bush Intercontinental Airport in $~ i 
Houston depicts the parallel runway we N yw ee 
configuration for Runways 14L/14R. 


Note that the ILS 14L approach chart 
shows an MDA(H) for the sidestep 
procedure to 14R that is 280 (278) feet 
lower than the circle-to-land MDA(H). 
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\ | Figure 7-43. When cleared to execute a sidestep 
517° a | maneuver, you are expected to fly the approach to 
, ; | the primary runway and begin the approach to a 
1 & landing on the parallel runway as soon as possible 
after you have it in sight. 
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MISSED APPROACH 
PROCEDURES 


The most common reason for a missed approach is low visibility conditions that do not 
permit you to establish required visual cues. [Figure 7-44] A published missed approach 
procedure is carefully designed and flight tested so you will have adequate obstacle 
clearance throughout the missed approach segment. Each procedure is unique to the 
airport and to the particular approach. Depending on obstacles and surrounding terrain, 
a missed approach segment may designate a straight climb, a climbing turn, or a climb 
to a specified altitude, followed by a turn to a specified heading, navaid, or navigation 
fix. [Figure 7-45] 


Figure 7-44. Several situations may require 


r — To you to execute a missed approach. 
Improper alignment on the final 


approach course 
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| A sudden runway closure due to a § 
| disabled aircraft 
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Wind shear which causes a deviation 
from your desired airspeed 


Inoperative airborne or ground 
navigation components 


. An ATC request because of inadequate 
aircraft separation on final approach 


Regardless of the reason for a missed approach, it is very important that you can 
maneuver the aircraft safely throughout the missed approach segment. This is generally 
not difficult when you begin the missed approach at the missed approach point. In this 
situation, you simply fly the procedure as described and depicted on the approach chart. 
On occasion, however, you will be required to initiate a missed approach from a position 
that is not at the missed approach point and may not be on the missed approach segment. 
For example, assume you decide to make a missed approach before reaching the MAP. In 
this situation, remember that no consideration for an abnormally early turn is given in 
the procedure design. If the procedure you are flying requires a turn, you must fly the 


approach to the MAP before turning. There is no prohibition against climbing early, but 
you must delay the turn until you are over the MAP. 
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After executing the ILS approach, you 
reach the decision height of 459 feet 
MSL and cannot establish the required 
visual references. At this point, you 
must execute the missed approach by 
applying power and beginning a climb 
straight ahead to 700 feet MSL. 
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i Continue the climb to 2,000 
1 feet MSL and at the same 
time proceed direct to Elvis. 


Enter the holding pattern and maintain 
2,000 feet MSL. 


Twinkletowo 


JEPPESEN 


MM 
"a GS 487 (223°) 

= TCH 93" 
© 


roze 289° 


Figure 7-45. You should 
The briefing strip chart provides | always review the missed 
symbols which indicate the initial approach procedure before 
ae up and out actions to be takenin executing an approach. 
the event of a missed approach. 
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you shot 
i roc i. ate Aka approact 
Another good example is when you ‘or above th MDA or oie ‘turn 
are executing a circling maneuver and maneuver, i TP am 
suddenly lose sight of the runway. 
According to the AIM, you should 
make an initial climbing turn toward the landing runway to become established on the 
missed approach course. The airspace over the airport affords you the greatest obstacle 
clearance protection. Since the missed approach point for a nonprecision approach 
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usually is the runway threshold, a turn toward 
the runway will keep you over the airport and ui. p 
may position you very close to the actual P» If you lose visual reference while circling to 


land from an instrument approach and ATC 


missed approach point. [Figure 7-46] 
radar service is not available, you should 


Figure 7-46. Since a circling maneuver may be accomplished initiate a missed approach by making a climbing turn 
in more than one direction, different patterns are required to toward the landing runway and continue the turn until 
become established on the missed approach course. The one established on the missed approach course. 


to use depends on the position of the aircraft at the time visual 
reference is lost. These patterns are shown in the AIM and are 
intended to ensure that an aircraft will remain within the cir- 
cling and missed approach obstruction clearance areas. 


ae een, eS a: 


ere SR RR a — 


lYou are cleared for a right-hand 
pattern and decide to initiate af 
|missed approach at this position. -l 
Begin a climbing right turn toward § 
the landing runway until established § 
on the missed approach course 


aa 


SONUNUN 


asanianamannansaia amannan 


| If you decide to begin the missed $ 
| approach here while in a left-hand § 
pattern, execute a climbing left turn § 
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VISUAL AND CONTACT 
APPROACHES 


To expedite traffic, ATC may clear you for a visual approach in lieu of the published 
approach procedure if flight conditions permit. Requesting a cont p h may be 
to your advantage since it requires less time than the published instrument procedure, 
allows you to retain your IFR clearance, and provides separation from IFR and special 


VFR traffic. Visual and contact approaches were introduced in Chapter 3, Section C — 
ATC Clearances. [Figure 7-47] 
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) may be established at some controlled airports 
for environmental or noise considerations, as well as when necessary for the safety and 


APPROACH PROCEDURES 


ae 


SECTION B ¢ 


efficiency of air traffic operations. Designed primarily for turbojet aircraft, CVFPs depict 
prominent landmarks, courses, and recommended altitudes to specific runways. 


Visual Approach 


* A visual approach can be intiated 
by ATC or you may request the 
approach. 


e The reported ceiling must be at 
least 1,000 feet AGL and 
visibility must be at least 3 
statute milies. 


° At airports without an operating 
control tower and no weather 
reporting facility, ATC will 
authorize a visual approach only 
if there is a reasonable 
assurance that the ceiling is at 
least 1,000 feet AGL and the 
visibility is 3 statute miles 


Contact Approach 


e ATC cannot initiate a contact 
approach. 


ə ATC can issue a clearance for a 
contact approach upon your 
request when the reported 
ground visibility at the airport is 1 
statute mile or greater. 


* You must have the airport or preceding 
aircraft in sight. 


* If you report the preceding aircraft in 
sight, you are responsible for 
maintaining separation from that 
aircraft and avoiding the associated 
wake turbulence. 


e Contact approaches are issued only 
for airports with published approach 
procedures (public or private). 


* During a contact approach you are 
responsible for your own obstruction 
clearance, but ATC provides 
separation from other IFR or special 
VFR traffic. Separation from normal 
VFR traffic is not provided. 


e In the event you have the airport 
in sight, but do not see the 
aircraft you are following on the 
approach, ATC is responsible for 
maintaining aircraft and wake 
turbulence separation. 


° You must remain clear of the 
clouds at all times while 


conducting a visual approach. 


Figure 7-47. Pilot and controller responsibilities differ significantly between visual and contact approaches. 


e You must maintain 1 statute mile 


flight visibility, and remain clear of 
clouds while flying the approach. 


Initially navigating to the 
LOM for an ILS approach. 
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Figure 7-48. When you are flying the Roaring 
Fork Visual Approach, mountains, rivers, and 
towns guide you to Aspen Colorado’s Sardy 

Field instead of VORs, NDBs, and DME fixes. 
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ROARING FORK VISUAL RWY 15 


When visual approaches to Runway 15 are in progress, clearances will 
be given utilizing in part the following phraseology: 


“(IDENT) CLEARED FOR A ROARING FORK VISUAL APPROACH TO RUNWAY 15” 
> ba: 


“the: 
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You must have a charted visual landmark or a preceding aircraft in sight, and weather 
must be at or above the published minimums before ATC will clear you for a CVFP. 
When instructed to follow a preceding aircraft, you are responsible for maintaining a safe 
approach interval and wake turbulence separation. You should advise ATC if at any 


point you are unable to continue a charted visual approach or lose sight of a preceding 
aircraft. [Figure 7-48] 


SUMMARY CHECKLIST 


v After you have been advised as to which approach to expect, you should conduct 


a thorough approach chart review to familiarize yourself with the specific 
approach procedure. 


y If ATC does not specify a particular approach but states, “cleared for approach,” 
you may execute any one of the authorized IAPs for that airport. 


V Feeder routes provide a transition from the enroute structure to the IAF or to a 
facility from which a course reversal is initiated. 
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The terms straight-in approach and straight-in landing have specific definitions 
when used in ATC clearances or in reference to landing minimums. 


Although most approach procedures provide landing minimums for both straight- 
in and circling maneuvers, some may be limited to circling only. 


A straight-in approach may be initiated from a fix closely aligned with the final 
approach course, may commence from the conipletion of a DME arc, or you may 
receive vectors to the final approach course. 


A straight-in approach does not require nor authorize a procedure turn or course 
reversal. 


A NoPT arrival sector allows flights inbound on Victor airways within the sector to 
proceed straight in on the final approach course. 


ATC radar approved for approach control service is used for course guidance to the 
final approach course, ASR and PAR approaches, and the monitoring of nonradar 
approaches. 


Radar vectors to the final approach course provide a method of intercepting and 
proceeding inbound on the published instrument approach procedure. 


During an instrument approach procedure, a published course reversal is not 
required when radar vectors are provided. 


If it becomes apparent the heading assigned by ATC will cause you to pass 
through the final approach course, you should maintain that heading and question 
the controller. 


A course reversal may be depicted on a chart as a procedure turn, a racetrack 
pattern (holding pattern), or a teardrop procedure. The maximum speed in a course 
reversal is 200 knots IAS. 


When more than one circuit of a holding pattern is needed to lose altitude or 
become better established on course, the additional circuits can be made only if 
you advise ATC and ATC approves. 


Timed approaches from a holding fix are generally conducted at airports where 
the radar system for traffic sequencing is out of service or is not available and 
numerous aircraft are waiting for approach clearance. 


When timed approaches are in progress, you will be given advance notice of the 
time you should leave the holding fix. 


To descend below the DH or MDA, you must be able to identify specific visual 
references, as well as comply with visibility and operating requirements which are 
listed in FAR 91,175 


You should usually descend at a rate that allows you to reach the MDA prior to the 
MAP so that you are in a position to establish a normal rate of descent from the 
MDA to the runway, using normal maneuvers. 


VASI lights can help you maintain the proper descent angle to the runway once 
you have established visual contact with the runway environment. 


Visual illusions are the product of various runway conditions, terrain features, and 
atmospheric phenomena which can create the sensation of incorrect height above 
the runway or incorrect distance from the runway threshold. 
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Y A circling approach is necessary if the instrument approach course is not aligned 
within 30° of the runway. In addition, you may find that an unfavorable wind or a 
runway closure makes a circling approach necessary. 


/ Each circling approach is confined to a protected area which varies with aircraft 
approach category. 


/ When executing a circling approach, if you operate at a higher speed than is 
designated for your aircraft approach category, you should use the minimums of 
the next higher category. 


V When cleared to execute a sidestep maneuver, you are expected to fly the approach 
to the primary runway and begin the approach to a landing on the parallel runway 
as soon as possible after you have it in sight. 


V The most common reason for a missed approach is low visibility conditions that do 
not permit you to establish required visual cues. 


/ If an early missed approach is initiated before reaching the MAP, you should 
proceed to the missed approach point at or above the MDA or DH before executing 
a turning maneuver. 


v If you lose visual reference while circling to land from an instrument approach and 
ATC radar service is not available, you should initiate a missed approach by 
making a climbing turn toward the landing runway and continue the turn until 
established on the missed approach course. 


vy Ifthe ceiling is at least 1,000 feet AGL and visibility is at least 3 statute miles, ATC 
may Clear you for a visual approach in lieu of the published approach procedure. 


v ATC can issue a clearance for a contact approach upon your request when the 
reported ground visibility at the airport is 1 statute mile or greater. ATC cannot 
initiate a contact approach. 


v Charted Visual Flight Procedures (CVFPs) may be established at some controlled 
airports for environmental or noise considerations, as well as when necessary for 
the safety and efficiency of air traffic operations. 


KEY TERMS 


Approach Chart Review Circling Approach 

Feeder Route Sidestep Maneuver 

Straight-In Landing Missed Approach 

Straight-In Approach Visual Approach 

Radar Vectors Contact Approach 

Minimum Vectoring Altitude (MVA) Charted Visual Flight Procedure 


F 
Course Reversal VESE) 


Timed Approaches From a Holding Fix 


Landing Illusions 
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QUESTIONS 


1. As a minimum, what items should be included in the approach chart review? 


2. True/False. A feeder route provides a transition from the enroute structure to the 
IAF or to a facility from which a course reversal is initiated. 


3. Explain the difference between the terms straight-in approach and straight-in landing. 


Refer to the ILS Runway 34 instrument approach chart for Easterwood Airport to 
answer questions 4 through 9. 
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4. What magnetic course and minimum altitude applies to the feeder route depicted 
on this approach chart? 
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5. A straight-in approach can be executed from which initial approach fix? 


A. Rowdy LOM 
B. COUTH Intersection 
C. The intersection of the 15 DME arc and the 141° radial from College Station 


VORTAC 


6. What are the functions of the 158° radial and the 141° radial from College Station 
VORTAC? 


7. True/False. You must execute the procedure turn exactly as it is depicted on the 
chart. 


8. To remain in protected airspace during the procedure turn, you must not fly 
beyond how many nautical miles from Rowdy LOM? 


A. 7.2 nautical miles 
B. 10 nautical miles 
C. 15 nautical miles 


9. If you are circling to land at 100 knots in a Category A aircraft, what is your 
MDA(H) and visibility requirement? 


10. What is the maximum airspeed you can use when executing a course reversal? 


11. What conditions must be met for timed approaches from a holding fix to be 
conducted at an airport? 


A. A control tower must be in operation. 

B. Course reversal is required for the missed approach procedure. 

C. The ceiling must be at least 1,000 feet AGL and visibility must be at least 
3 statute miles. 


12. The flight visibility is greater than the visibility prescribed in the standard 
instrument approach procedure being used; however, at the MDA you cannot 
identify any of the runway references described in FAR 91.175. Can you descend 
below the MDA for landing? 


13. True/False. When landing on a narrower-than-usual runway, the tendency is to fly 
an approach which is too high. 


14. If you made a decision to execute a missed approach prior to the MAP and the 
procedure specifies a climbing right turn to 5,000 feet, what action should you take? 


A. Immediately initiate a climbing right turn. 

B. Climb straight ahead to 5,000 feet, then initiate a climbing right turn. 

C. Proceed to the MAP at or above the MDA or DH, then initiate a climbing right 
turn to 5,000 feet. 


15. Explain the difference between a visual approach and a contact approach. 
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Instrument/Commercial 
Part II, Segment 2, Chapter 8 — VOR and NDB Approaches 


VOR AND NDB 
APPROACHES 


In Chapter 7, you learned about instrument approach charts and procedures. Now 
you will become oriented to different types of approach procedures beginning with 
nonprecision approaches. VOR approaches typically are easier to fly, but are less 
standardized than precision approach procedures. NDB approaches also are basic 
procedures, once you are comfortable interpreting the ADF or RMI indications. 


There are two basic types of VOR or NDB approaches — those that use a navaid located 
beyond the airport boundaries and those with the navaid located on the airport. You can 
easily determine whether the procedure uses an off-airport facility or on-airport facility 
by looking at the approach chart profile. [Figure 8-1] 


Of Airport Facility 
JEPPESEN 
“ES: See Figure 8-1. These 
approach chart 
profiles show the basic 
differences in 
approaches with off- 
airport and on-airport 
facilities. When the 
navaid is not located 
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VOR APPROACHES 


VOR approaches provide for final descents as low as 250 feet above the runway. 
However, the MDAs for VOR approach procedures typically range from 500 to 1,000 feet 
above touchdown zone elevation. This section presents examples of approaches that use 
off-airport and on-airport VORs. DME is not required on the first two examples, since 
DME does not appear in either procedure title. However, many approaches utilize fixes 
which can be more easily identified with DME, even though it is not required to fly the 
procedure. 


OFF-AIRPORT FACILITY 


Kalispell, Montana’s Glacier Park International Airport (KFCA) is in a mountainous area, 
and requires carefully designed and executed approach procedures. Assume you are 
approaching from the southwest on V536. [Figure 8-2] 
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Figure 8-2. Glacier Park International Airport is northwest of Kalispell VOR. 


YOUR CLEARANCE 


Salt Lake Center has given you information from the last METAR. The surface winds 
were reported from the northwest at 20 gusting to 30 knots. The ceiling was last reported 
at 600 broken with 2 miles visibility in rain showers. ATC gives you the altimeter setting, 
and clears you as follows: “Bonanza 1523S, cleared for approach, Glacier Park 
International. Change to advisory frequency approved.” The winds clearly favor landing 
on Runway 30, so you choose the VOR or GPS Rwy 30 approach and begin a review of 
the approach procedure. 


PREPARING FOR THE APPROAGH 

Prior to conducting an approach, you need to conduct a chart review to familiarize 
yourself with certain procedural information. During your approach chart review, you 
should check for any unusual procedures. [Figure 8-3] 


Figure 8-3. In addition to the 
usual items you check during 
your approach chart review 
(see highlights), you notice 
several unique features asso- 
ciated with this procedure. 
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It is also a good practice to check the associated airport diagram for each procedure. 
[Figure 8-4] Runway 30 is 3,500 feet long, with 80 to 90-foot trees near the approach end. 
There is a PAPI on the left side of the runway that can be used for a stabilized descent 
once visual contact is established. 


Upon monitoring ASOS, you learn the surface weather conditions have not changed 
since the last hourly report. UNICOM confirms that traffic has been landing on Runway 
30. You plan a straight-in approach and a challenging landing with gusty winds. 
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In spite of the strong surface winds, the forecast and observed winds aloft are relatively 
light, so no special adjustment of approach speed or rate of descent is needed. With a 
600-foot ceiling, you expect to descend to minimums just after breaking out of the 
clouds. Because you have some concern about whether you can complete the approach 
successfully, make sure you understand the missed approach procedure and are 
prepared to fly it. 


Since you are tracking toward Kalispell VOR on the airway, your VOR receiver is already 
set to the correct frequency and the station has previously been identified. You may wish 
to listen to the identifier again to confirm the VOR is set correctly and the ground facil- 
ity still is operating properly. 


DESCENDING PRIOR TO THE IAF 

Your clearance allows you to begin your descent as appropriate to conduct 
your approach. The MEA on V536 approaching Kalispell is 11,500 

feet MSL, which also is the maximum altitude for initiating the 

approach procedure. While you could approach the VOR at 11,500 WTH LAKE 
feet MSL, a descent rate of nearly 1,000 feet per minute would a 
be required to reach 7,500 feet MSL during the 4 to 5 minutes 
it normally takes to fly outbound and complete the 
procedure turn. You might prefer to start the approach 
from a lower altitude if one is authorized. 
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Notice there is a MOCA of 9,400 feet MSL 
published for this airway route segment, which 
guarantees terrain clearance. However, you are 
not guaranteed a reliable navigation signal below 
the 11,500-foot MEA until you are within 22 nautical miles of Kalispell VOR, and you 
may not begin a descent to the MOCA until that point. VAILL Intersection is 15 nautical 
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miles from Kalispell VOR and can be positively 
identified if you have an ADF receiver. Beginning 
your descent here will easily get you down to 
9,400 feet MSL prior to crossing the VOR. 


OUTBOUND ON THE minimunvaititude show 
PROCEDURE TURN approach procedure. 
As you cross Kalispell VOR, promptly turn right = 

to intercept the 148° radial outbound, and note 

the time. Keeping track of your time will help you remain within 10 nautical miles of the 
VOR, as required by the note in the profile. Throttle back and trim as needed to begin a 
500- to 750-foot-per-minute descent at approach speed to 7,500 feet MSL. Due to the 
large difference in magnetic course between V536 and the outbound approach radial, a 
45° intercept angle is appropriate. Turn right to 193° and twist the OBS to 148°. As the 
CDI begins to center, start a left turn to 148°. 


TozeE 2970’ 


Enter the procedure turn after flying outbound from the VOR for 2 minutes. When you fly 
at 90 to 120 knots, beginning the course reversal at this time easily keeps you within 10 
nautical miles of Kalispell VOR. Turn 45° right, twist the OBS to the inbound course of 
328°, and fly for one minute on a heading of 193°. Level off as you reach 7,500 feet MSL. 
After flying outbound on the procedure turn for one minute, begin a 180° left turn to 013°. 


INBOUND TO THE FINAL APPROACH FIx 

Complete your before landing checklist, with the possible exception of the landing gear 
Depending on the aircraft, you may have already extended the gear to help slow to 
approach speed. If that is the case, verify at this time that it is down and locked. On other 
aircraft, it may be preferable to extend the landing gear when beginning the final descent. 
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Often, the additional drag causes the airplane to enter an appropriate rate of descent with 
only minor adjustment in power and trim. In any case, make sure you extend the landing 
gear and verify it is locked upon reaching the final approach fix. 
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Maintaining a heading of 013°, watch for the VOR needle to center on 
the 328° course. As the needie centers, turn left to track the inbound 
course. When established on the inbound course to the VOR, it is safe 
to begin your descent to 5,500 feet MSL. Since you are about 3 minutes 
from the VOR, a 750-foot-per-minute rate of descent is required to 
reach 5,500 feet MSL before you reach the VOR. If you reach 5,500 feet 
MSL before crossing the VOR, level off until you pass over the station. 
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When the TO/FROM indicator changes, reset your stopwatch, turn Doi 
left to track the 316° course away from the VOR, and begin your final descent. On most 
approaches, it is not necessary to turn when crossing the VOR, but it is very important to 
check for a course change and comply with it on procedures that incorporate one. Twist 
the OBS to 316° and track outbound as you descend. Report your position on the CTAF: 
“Glacier Park Traffic, Bonanza 1523S, Kalispell VOR, inbound for landing on the VOR 
Runway 30 approach, Glacier Park.” 


FINAL APPROACH SEGMENT 

If you fly this approach without DME, it is important that you carefully control your ground- 
speed. You will establish the missed approach point based on your time from the VOR, using 
the conversion table at the bottom of the chart. You should be aware of the winds at the sur- 
face and at your altitude, and factor those into your groundspeed. If you are using a speed 
that lies between values in the table, interpolate, or use the time for the higher speed. 


At 90 knots groundspeed you should descend promptly from 5,500 feet MSL in order to 
reach the MDA before 4:16 elapses. Keep in mind the missed approach point (MAP) is 

only 0.1 nautical mile from the threshold. If you descend at only 500 feet per minute,you 

will likely reach the MAP at the same time as the MDA. It will be impossible to land 

straight ahead if you break out of the clouds at the MAP, and, if you are below circling 

minimums, you will have no choice but to conduct a missed approach. At 90 knots, a 

750-foot-per-minute descent will get you down to the MDA in less than 3 minutes. This 

allows a confortable margin after breaking out of the clouds to look for the airport and set 

up a normal landing approach. If you use a higher approach speed, plan on using an 

even higher rate of descent. 


MISSED APPROAGH 

It is essential that you do not descend below 3,480 feet MSL until you are in a position to 
make a normal landing approach to Runway 30 with adequate visual reference. In this case, 
a good time to descend for landing is when you intercept the glide path on the PAPI with 
the runway continuously in sight. If your approach speed is 120 knots or less, you need a 
visibility of 1 statute mile to land. 


MISSED APPROACH: Climbing LEFT turn direct FCA VOR, continue climb to 6200’ 


outbound on FCA VOR R- 148 then climbing RIGHT turn to 7500’ direct 
FCA VOR and hold. 
STRAIGHT-IN LANDING RWY 30 CIRCLE-TO-LAND 
mpa) 34801510’) 
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It is possible for the ASOS to measure a 600-foot ceiling over the airport, when there are 
lower cloud layers in the vicinity. On this attempt, imagine you are flying in and out of the 
clouds as you near the missed approach point, but, as your stopwatch reaches 4:16, you do 
not have the runway environment in sight. You must immediately execute the missed 


approach procedure. 


You should have memorized the first step of the missed approach procedure and be prepared 
to carry it out now. You need to make a climbing turn to the left and proceed direct to the 
Kalispell VOR. Concentrate on aircraft control as you add climb power. Make sure you 
retract the landing gear as soon as you have a positive rate of climb. Scan your flight 
instruments carefully and concentrate on executing an approximate 180° turn at the best 
rate-of-climb airspeed. Once you have the aircraft established in the climbing turn, twist 
the OBS to center the needle with a TO indication, and track back to the VOR while 
climbing. Tune the radio back to Salt Lake Center and report executing the missed approach. 
At this point you should request a clearance for another approach or a clearance to your 
alternate airport. 


This missed approach procedure specifies an exact procedure for entering the holding 
pattern upon reaching the VOR. It is similar to the parallel entry you would normally use, 
but instead of flying outbound on a 148° heading for one minute, you must track outbound 
on the 148° radial until reaching 6,200 feet MSL before turning back toward the VOR. 
Continue to climb to 7,500 feet MSL as you return to the VOR and make a direct entry into 
the nonstandard holding pattern. 


TRYING AGAIN 

A decision whether to attempt this approach again depends on a number of factors. Perhaps 
the rain showers were dissipating at the time of your first attempt and you are confident your 
second attempt will be successful. Among other factors, you also need to consider your ability, 
distance to and weather at the alternate, available fuel, and your level of fatigue. For a more 
detailed discussion of these issues, see Chapter 10, Section B — IFR Decision Making. 


If you are cleared to conduct the approach to Kalispell again, simply continue in the holding 
pattern until you are outbound on the 148° heading, then turn left to intercept the 148° 
course from the VOR. Twist the OBS 180°, as you had it set to the 328° inbound holding 
course. Maintain 7,500 feet MSL until intercepting the 328° course inbound, and fly the rest 
of the approach as before. 


FLYING THE PROCEDURE WITH DME 

Having DME on board allows you to use the DME arc procedure, which lines you up on 
the final approach course more directly than when you perform the procedure turn. The 
notation, NoPT, along the DME arc segments reminds you that a procedure turn is neither 
expected nor authorized when flying the arc. Use of DME also enables you to accurately 


determine your position throughout the approach without timing. JEPPESEN 


Assume you are inbound on V536 as in the previous scenario. You will turn 
right onto the 15 DME arc 1/2 to 1 nautical mile prior to reaching VAILL 
Intersection. On the approach chart, the location that corresponds 
to VAILL Intersection is the IAF labeled [D2150]. You should 
descend to 9,000 feet MSL once established on the arc. A 
lead radial of 156° assists you in turning to intercept 
the 328° course to the VOR. 


When established on the 328° inbound course, 
descend to and maintain 7,500 feet MSL until 
reaching 10 DME, then descend to 5,500 feet MSL. 
From this point, the approach is exactly the same as 
without DME, except that you can determine your MAP 


VOR AND NDB APPROACHES SECTION A 


142 MILES, CLEARED FOR THE APPROACH? 


A light aircraft was just passing 12 DME inbound to Runway 26, when the approach controller cleared the flight crew 
for a 12 DME arc approach to Runway 26 instead of the straight-in approach that the crew had planned. Because the 
aircraft was already inside the 12 DME arc, and because of unclear phraseology from the controller, the crew proceeded with a 
Straight-in approach. Fortunately, the discrepancy was discovered without incident: the crew obtained an amended clearance and 
completed the approach. The following excerpt was taken from the ASRS report which was filed subsequent to the incident. 


“While tuned to approach control we were just passing 12 DME on the inbound radial upon being told “12 miles, cleared VOR 
Runway 26 approach, descend to 3,000 feet.” The first officer read back “cleared VOR Runway 26, descend to 3,000 feet,” to 
which approach rogered. | then briefed the VOR Runway 26 approach. At approximately 6 DME the controller inquired as to our 
DME, which we replied. Controller said that we were cleared for the 12 mile are VOR Runway 26 approach. We informed him that 
we never heard arc or DME approach and would execute the VOR Runway 26 approach due to our proximity. The approach was 
then uneventful. It has been my experience that when you are to fly an arc approach you are given clearance at least 2 miles 
prior to the arc to commence your turn.” 


“Communication is the culprit here. Precise terminology should be used and the approach should be renamed (or referred to by 
the controller as) 12 DME Arc Runway 26 approach.” 


The ASRS contains frequent reports of controllers using nonstandard terminology in clearances. In some cases, the controller 
made modifications to published departure procedures which confused the flight crew. Unfortunately, pilot requests for 
clarification were not always satisfactorily handled, at least according to pilots filing these reports. 


It is not only your right as a pilot to get clarification for a confusing clearance, it is your duty. There are times when you may need 
to be assertive. Refuse a clearance if necessary, and ensure the controller provides a clearance that makes sense to you. 


simply by looking for 6.4 DME when outbound from the VOR on the 316° radial. Even when 
you use DME, it is still good operating practice to reset your stopwatch when crossing the 
VOR, in case DME fails before you reach the MAP. 


ON-AIRPORT FACILITY Figure 8-5. Ashland (ASX) VOR is located at 
When approach procedures utilize on-airport facilities, John F. Kennedy Memorial Airport. Notice 
no final approach fix (FAF) is designated, unless DME tat V345 terminates at the VOR. 
or another means is available for identifying such [Hi non TINS 

a fix. However, a final approach point (FAP) is 
designated and identifies the beginning of the final 
approach segment. This point is where the aircraft is 
established inbound after completing the procedure 
turn. The FAP serves as the FAF. 
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Without DME, special procedures are required to 
ensure that you are in an obstruction-free area as you 
descend to the airport. Generally, this is accomplished 
by overflying the VOR at a safe altitude, proceeding 
outbound, and turning around and tracking back 
toward the airport/VOR as you descend to the MDA. 
Hopefully, you will break out of the clouds prior to 
reaching the facility and land, otherwise you will 
cross over the airport and circle to land or, if you don’t 
break out, conduct your missed approach. 


John F Kennedy Me 
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In this example, you are on your way to John F. 
Kennedy Memorial Airport in Ashland, Wisconsin. 
You are approaching GRASS Intersection from the 
southwest on V345. [Figure 8-5] 
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PREPARING FOR THE APPROACH ae per” 
As always, take a few minutes before you begin the approach to familiarize Mie i 
essential procedural information. One important piece of information you a F a 
that your ability to obtain an altimeter setting from UNICOM will significantly affect the 
minimums for this procedure. [Figure 8-6] 
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FA or GPS RWY 2 AL-5383 (PAA) Pdi ASHLAND, WISCONSIN 


Remain 
within 10 NM 


You will need to make a 
slight left turn from your 
025° inbound course to 
land on Runway 2. ` 
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DULUTH ALTIMETER SETTING MINIMUMS 
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Figure 8-6. After reviewing the approach for the usual information (see highlights), you look for 
other items of interest. 
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Typically, if this were an approach based on an off-airport VOR, you would not have to 
execute a procedure turn when approaching from GRASS. However, with the VOR on 
the field, you need to fly to the VOR and proceed outbound to establish your position 
prior to descending to the airport. 


Since you are tracking toward Ashland VOR on the airway, your VOR receiver is already 
set to the correct frequency and the station has previously been identified. You may 
wish to listen to the identifier again to confirm the VOR is set correctly and the ground 
facility is still operating properly. 


YOUR CLEARANCE 


Since there is only one IAF for this approach, you can expect your clearance while on 
V345. As you approach Grass, Minneapolis Center clears you as follows: “Cessna 1773R, 
cleared for the VOR Runway 2 approach to Ashland, maintain 3,500 until outbound 
from Ashland VOR.” 


DESCENDING PRIOR TO THE IAF 


The MEA on V345 approaching GRASS Intersection is 4,000 feet MSL. On this 
eastbound course you are likely to be assigned an odd altitude of 5,000 feet MSL or 
higher. Upon passing GRASS and receiving your clearance for the approach, promptly 
begin your descent to 3,500 feet MSL, the altitude assigned by ATC, and continue track- 
ing the 033° course to Ashland VOR. 


OUTBOUND ON THE 
PROCEDURE TURN 


Upon crossing the Ashland VOR, begin 
a right turn to intercept the 205° radial 
outbound and throttle back to begin a 
descent to 2,900 feet MSL. Twist your OBS to 
a 205° course, watch for the TO/FROM indi- 
cator to change from TO to FROM as you 
pass abeam the VOR southbound, and note 
the time. A heading of 250° provides a 45° 
intercept which should center the needle 
promptly. Level off at 2,900 feet MSL, and 
track outbound for 2 minutes after passing 
the VOR before initiating the procedure turn. 


IAF 

ASHLAND 

110.2 ASX 53. 
Chon 39 


Turn left approximately 45° to a heading of 
160°. Fly this heading for one minute and 
then begin a 180° right turn to 340°. 
Complete your before landing checklist, 
although you may postpone extending the 
landing gear until beginning your descent 
for the airport. 


MISSED APPROACH 
Climb to 2900 then right turn 
direct ASX VOR/DME ond hold. 


INBOUND TO THE AIRPORT 

You are now on a 45° intercept to the 025° final approach course to the VOR. When the 
needle centers, begin your descent to 1,460 feet MSL. You need a descent rate of about 
750 feet per minute to be sure of making it down to this altitude before arriving at the 
airport. Your missed approach point is where the TO/FROM indicator changes from TO 


to FROM, directly over the airport. Since the circling minimums are the same as the 
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straight-in minimums, you can circle as needed to land if you break 
out of the clouds right at the missed approach point. Do not 
descend below the MDA unless you are in position to land without 
excessive maneuvering and have the required visibility and visual 
references. When circling, positioning yourself on a normal base or 
final with a clear view of the approach end of the runway generally 
is sufficient to descend below the MDA and land. 


MISSED APPROAGH 

In the event you do not see the touchdown area of the runway 
when you reach the MAP, or that you lose sight of it while 
circling to land, you should execute the missed approach 
procedure immediately. When flying straight in to Runway 2, 
climb on the runway heading to 2,900 feet MSL, then turn right and proceed to the VOR. If 
you are circling and lose sight of the runway, you must turn toward the landing runway and 
interpret the missed approach instructions with reference to your final approach course. In 
this case, continue turning to an approximate heading of 025° which you used during final 
approach, and climb to 2,900 feet MSL on that heading. 


HOLDING PATTERN ENTRY 

When approaching the VOR from the northeast, you would use a parallel entry to this 
standard holding pattern. When crossing the VOR, turn left to a heading of 205° and fly 
outbound one minute. Then, make a left turn direct to the VOR. When arriving at the VOR 
turn right to approximately 205°, 
depending on the wind. This puts you 
outbound in the holding pattern. 
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VOR/DME 
PROCEDURES 


When the procedure title includes the 
words, VOR DME, it means the use of 
DME equipment is mandatory for the 
approach. One procedure that requires 
DME is the VOR DME Rwy 21 
approach to Portland International 
Airport (KPDX) in Oregon. [Figure 8-7] 
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Figure 8-7. Stepdown fixes on this approach 
can only be identified with DME. 


VOR AND NDB APPROACHES SECTION A 


According to the profile view, you can descend to 5,000 feet MSL after passing 
REENY inbound. This intersection is defined as 20 DME from the Portland (PDX) 
VOR on the 035° radial. Progressive stepdown fixes also are defined using DME. 
There is no other way of identifying these fixes, unless you are conducting the 


procedure using an approach-certified GPS. The FAF is at SOOZN (5.0 DME), and the 
MAP is at 0.3 DME. 


The minimums section of the Portland VOR DME Rwy 21 approach contains only 
one straight-in MDA(H). On VOR approaches that do not require DME but which 
still use supplemental DME fixes, two straight-in MDAs may be authorized. The 
lowest MDA applies only if you can identify the DME stepdown fix. In addition, 
you may encounter a stepdown fix and a visual descent point (VDP) on the same 
approach. [Figure 8-8] 
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At 2.1 DME, you can begin a normal 
{descent from the MDA(H) to the 
runway, provided you have the 
required visual cues. 


Figure 8-8. With DME, you can descend to lower published MDAs on certain approaches. 


NDB APPROACHES 


Procedurally, an NDB approach is similar to a VOR approach without DME. You navigate 
to an initial approach fix, usually perform a course reversal, and track to the airport 
while descending. Although the accuracy of an NDB approach depends on your skill 
using ADF navigation, NDB approaches offer some advantages over those using a VOR, 
For example, it is not necessary to readjust a course selector as you may during a VOR 
approach. In addition, position orientation is easier because the bearing pointer needle 
always points to the station. 


The NDB or GPS Rwy 35R approach to Denver’s Centennial Airport (KAPA) is an 
example of an NDB approach with an off-airport navaid. [Figure 8-9] The procedure title 
indicates that either an ADF or an approach-certified GPS is required for this approach. 
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Figure 8-9. On this approach to 
Denver’s Centennial Airport, the 
NDB is both the IAF and FAF. 
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CHANGES: New chart format. ALL RIGHTS RESERVED. 


RADAR VECTORS TO THE APPROACH 

If you lost communication with ATC, you might fly this approach by proceeding to Falcon 
(FQF) VOR, which is part of the enroute structure, flying a 205° course to Casse LOM while 
descending to 8,700 feet MSL, and then flying the procedure turn and approach. Like many 
approaches in a radar environment, you rarely fly the charted procedure turn. It is more expe- 
dient for you and better for overall traffic flow if you are vectored onto the final approach 
course. As you arrive from the east, Denver Approach instructs you to maintain 8,700 feet 
MSL and a heading of 270°, and tells you these are vectors to the final approach course. 


PREPARING FOR THE APPROACH 

This chart uses Jeppesen’s briefing strip format. The first line shows the communication 
frequencies in the order you will use them. Essential components of the procedure appear 
on the next line. Your primary navaid is the Casse (AP) LOM at 260 kHz. The final approach 
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Approach to a 1,000-Foot Wide Runway? 


Yes, they do publish approaches to seaplane bases, although there are less than half a dozen such procedures. Here 
is the NDB approach to Rangeley Lake, Maine. 


Note that a local altimeter setting is mandatory for completion 
of this approach. If you are approaching from the southwest 
from BML VOR, you need DME to identify the stepdown fix 
and will proceed inbound without flying the procedure turn. If 
you do not have DME, you can use the Hornebrook NDB 
transition and fly the approach using a course reversal. 
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NDB or GPS-B 


course is 347° and the minimum altitude inbound to the LOM is 8,000 feet MSL. The 
MDA(H) is 6,740’ (857’). However, this MDA(H) is conditional; checking the minimums 
section reveals you must be able to identify the Falcon 213° radial to descend to this 
MDA. The touchdown zone elevation in this case is the same as the airport elevation, 
5,883 feet MSL. The minimum safe altitude within 25 miles of Casse is 8,100 feet MSL 
if approaching from the north through southeast, otherwise it is 13,000 feet MSL. 
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The textual description of the missed approach procedure appears next. It is a climbing 
right turn back to the NDB. Icons showing this procedure appear in the profile view. 
Runway 35R has a medium intensity approach light system with runway alignment indi- 
cator lights (MALSR) and an abbreviated VASI (AVASD on the left side of the runway. 
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Set your ADF to 260 and positively identify Casse (AP). Leave the volume turned up so that you 
can continue to listen to the identifier. Unlike a VOR, an ADF has no OFF flag, so you need to 
monitor the identifier throughout the approach. For this example, assume you have a VOR 
receiver. Set it to Falcon (116.3 MHz) and identify the facility. Twist the OBS to 213° so that you 
can identify the stepdown fix 2.9 nautical miles prior to the MAP. During the approach, check 
your heading indicator against the magnetic compass often. Unlike a VOR approach, the accu- 
racy of your NDB approach directly depends on your heading indicator being set precisely. 


As you continue inbound, obtain ATIS information on 120.3 MHz. Either monitor ATIS on a 
second radio or make sure you get approval to leave Denver's frequency. Analyze the ATIS 
information and consider whether you are likely to successfully complete the approach, given 
the ceiling and other weather conditions. Set your altimeter and make a judgment as to the 
effect the winds will have on your groundspeed during the approach. Determine whether you 
will be able to land straight ahead on Runway 35R or if you have to circle to another runway. 


YOUR CLEARANCE 

Denver Approach instructs you to turn right to a heading of 320° and clears you as follows: 
“Cessna 86BJ, you are five miles from Casse, maintain 8,700 until established on the final 
approach course, cleared for the Centennial NDB Runway 35R approach. Contact the tower 
118.9 at Casse.” Slow the airplane to approach speed. Denver Approach has given you a head- 
ing which is a 27° intercept to the final approach course. As the relative bearing approaches 
27°, turn on course and begin your descent to 8,000 feet MSL prior to the NDB. Apply any cor- 
rections needed to track the course with current wind conditions. [Figure 8-10] 


Figure 8-10. ATC typically vectors you in such a way as to facilitate 
interception of the final approach course, which is 347°. Setting the 
heading bug to 347° makes it easy to see your course intercept and 


wind correction angles. 


ATC has assigned a heading of 320', a 27° intercept 
course. The ADF needle, which always moves toward 
| the bottom, indicates course interception will occur 
| shortly. 
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As the ADF needle approaches a 27° relative bearing, 
| turn right to a heading of 347° to parallel the final 
approach course. 


Check the results on the ADF. This indicator suggests 
the turn was late or that there is a wind out of the east 
that has blown you left of the desired course. 


Turn right to correct back to the final approach course. 
| With this heading 20° right of course, you will be on 
| course when the ADF needle moves to 20° left of the 

nose. 
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INBOUND TO THE FAF 


Make sure you complete your before landing checklist early in the approach, prior to 
the FAF. If you have retractable landing gear, extend it where appropriate to slow the 


airplane down or begin your descent, and confirm that it is down and locked upon 
reaching the FAF. 


Level off at 8,000 feet MSL, adding power to precisely maintain approach speed. When 
the ADF needle swings around to point behind you, begin your descent to 6,880 feet 
MSL and set your stopwatch. Contact the tower on 118.9, and report Casse inbound. 
Although you are not required to report the FAF when you are in radar contact, it is an 
appropriate report when establishing contact with the tower. 


FINAL APPROACH SEGMENT 


Assume an average headwind of 10 knots during final approach and an approach 


airspeed of 100 knots. Since this gives you a groundspeed of 90 knots, use the time from 
the FAF to the MAP of 4:12. 


Level off at 6,880 feet MSL and watch for the VOR needle to center, indicating the 
stepdown fix, [Figure 8-11] Without this fix, 6,880'(997’) would be your MDA(H). Upon 
identifying the fix and being cleared to land straight ahead on Runway 35R, you can 
descend another 140 feet to 6,740 feet MSL. 


rae, 
aN 
N 


t 
0 


Figure 8-11. As you approach and pass 
the stepdown fix, the VOR needle moves 
from the right to left. 
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Upon leveling off at the MDA, check for 


the 4:12 time to the missed approach point. | If cleared for the NDB Rwy 35R approach, 
If you reach the MAP without the runway Rd Denver/Centennial, [Figure 8-9] and over 


environment in sight, you should conduct FQF VOR, you would begin by flying 


a missed approach immediately. If you do the published transition to Casse, followed by the 
see the runway, you may proceed below procedure turn. Descend to the altitudes shown for 
the MDA only when you are in position to each route segment and conclude with the minimums 
descend for a safe landing. The VASI glide- appropriate for your approach and landing. 


path is a good visual cue for initiating final 
descent to the runway. 


MISSED APPROACH 

If it is necessary to perform a missed approach, immediately begin a right turn as 
you climb to 8,700 feet MSL. Turn to place the ADF needle off the aircraft’s nose and 
proceed direct to the station. Report the missed approach to Centennial Tower. Perform 
a parallel entry to the depicted holding pattern, and await a further clearance from 
Denver Approach. 
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SUMMARY CHECKLIST 


/ VOR and NDB approaches primarily fall into two categories — those that use an 
on-airport facility and those with an off-airport facility. On approaches with on-air- 
port navaids, the FAP often serves as the FAF. 


/ Preparation to fly an approach should begin well before flying the procedure. 
Determine which approaches are in use or likely to be in use at the destination air- 
port, and review the approach procedures as early as possible. Obtain weather 
information, if possible, for the destination airport and analyze whether a success- 
ful approach is likely. 


/ ATC may clear you to fly the approach of your choice, but they will more likely 
clear you for a specific approach. 


Y A published procedure turn or similar course reversal is mandatory unless you are 
vectored to the final approach course by ATC, or unless your particular approach 
transition indicates NoPT. Typically, you accomplish a course reversal by flying 
outbound for two minutes, turning to a charted heading 45° left or right of your out- 
bound course and flying for one minute, then/ making a 180° opposite direction 
turn back to re-intercept the inbound course. 


vV When cleared for an approach, you generally should descend promptly to the min- 
imum altitude published for your current route segment or approach transition, or 
other altitude assigned by ATC. 


y Complete your before landing checklist prior to the FAF, or if there is no FAF, 
before intercepting the final approach course. 


v Make sure you know what rate of descent is required to reach stepdown altitudes 
or the MDA by the appropriate time. 


v If you do not have the runway environment in sight when reaching the MDA, or if 
you lose sight of it at any time while circling, it is imperative that you immediately 
execute the missed approach procedure. 


v When executing a missed approach, notify ATC, and, depending on your circum- 
stances, request a clearance to fly the approach again, or request a clearance to your 
alternate. 


¥ DME is required on certain approaches that indicate DME in the procedure title. 
Even on those approaches that do not require DME, using DME to identify step- 
down fixes may allow lower minimums. 


¥ NDB approach procedures are similar to VOR approaches. However, the precision 
with which you complete the approach is dependent on your skill in ADF tracking 
and on the accuracy of your heading indicator. 


KEY TERMS 


Off-Airport Facility Stepdown Fix 


On-Airport Facility 
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QUESTIONS 


1. 


If you are flying a circling maneuver to the favored runway and the visibility is at 


or above the required minimums, when can you begin your descent below the 
MDA? 


A. After being cleared to land 

B. After you have the airport environment in sight 

C. When you are in a position from which you can make a normal descent to the 
runway with adequate visual reference 


. True/False. When using a DME arc transition, you can descend to an authorized 


lower altitude as soon as you begin the turn inbound. 


. What is true of an approach that contains the name, VOR/DME, in the procedure 


title? 


A. Use of DME is required to complete the procedure. 

B. Stepdown fixes in this procedure are identified with both VOR cross radials 
and DME values. 

C. Use of DME allows you to identify optional stepdown fixes and to descend to 
lower minimums. 


. As soon as practical after you begin a missed approach procedure, you should 


notify ATC and request what type of clearance? 


Refer to the Chicago/Aurora VOR or GPS-A approach chart on page 8-20 to answer 
questions 5-16. 


5. 


What minimum navigation equipment is required to fly this approach? 


A. One VOR receiver 
B. Two VOR receivers 
C. One VOR receiver plus DME 


What is the primary navaid for this approach? 


A. JOT VOR, 112.3 MHz 
B. DPA VOR, 108.4 MHz 
C. DPA TACAN, Channel 21 


What minimum altitude guarantees 1,000 feet of obstacle clearance anywhere 
within 25 nautical miles of Du Page VOR? 


True/False. DME is required to identify HOLTA. 
What approach transitions are provided for this procedure? 


A. The 343° course from JOT VOR, then direct to the initial approach fix at DPA 
VOR 

B. No approach transition is needed because the initial approach fix at DPA VOR 
is part of the enroute structure. 

C. This procedure has no approach transitions or initial approach fixes. Radar 
vectoring to the final approach course is required. 
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MISSED APPROACH: Climbing RIGHT turn to 3000’ outbound via DPA 
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CIRCLE-TO-LAND 
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With Holta 
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An 1200/494')- 12 1320/6140") 1% 1240534) -Y2  1360%651)- P 
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VOR to MAP __8.7)7:27] 5:48} 5:13] 4:21] 3:44] 3:16] 
CHANGES: Procedure ident. © JEPPESEN SANDERSON, INC, ALL RIGHTS RESERVED. 


10. Which of the following is the reason no runway number is listed in the procedure. 
title? 


A. The approach serves more than one runway. 
B. The final approach course is not within 30° of any runway heading. 
C. The GPS procedure that overlays this approach is not runway specific. 


11. How do you obtain an altimeter setting when Aurora Tower is not operating? 


A. Monitor after-hours ATIS on 125.85. 
B. Monitor ASOS on the ATIS frequency. 
C 


Obtain the Du Page altimeter setting from Chicago Approach and increase the 
MDA by 40 feet. 
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14. 


15: 


16. 


What is the MDA if you are flying an aircraft at its normal approach speed of 90 
knots, with Aurora ATIS information, and you have identified the HOLTA step- 
down fix? 


A. 1,200 feet AGL 
B. 1,200 feet MSL 
C. 1,240 feet MSL 


Where is the MAP if your TAS is 120 knots and your groundspeed is 100 knots? 


A. 8.7 DME from DPA VOR 
B. 4:21 after passing DPA VOR 
C. The 343° radial from JOT VOR 


What heading should you initially turn to when conducting the missed approach 
procedure? 


ASG: 
B. 224° 
C. Approximately 270° 


What is the appropriate entry for the missed approach holding pattern? 


A. Direct 
B. Parallel 
C. Teardrop 


True/False. Obstacle clearance is guaranteed if, while in the depicted plan view 
area, you fly high enough to clear the 1,449-foot MSL man-made structure shown 
near the right edge of the chart. 


ILS APPROACHES 


The instrument landing system (ILS) is a precision approach navigational aid which 
provides highly accurate course, glide slope, and distance guidance to a given runway. 
The ILS can be the best approach alternative in poor weather conditions for several 
reasons. First, the ILS is a more accurate approach aid than any other widely available 
system. Secondly, the increased accuracy generally allows for lower approach 
minimums. Third, the lower minimums can make it possible to execute an ILS approach 
and land at an airport when it otherwise would not have been possible using a 
nonprecision approach. 


ILS CATEGORIES AND 
MINIMUMS 


There are three general classifications of ILS approaches — Category I, Category II, 
and Category III. The basic ILS approach is a Category (CAT) I approach and requires 
only that you be instrument rated and current and that your aircraft be equipped 
appropriately. CAT II and CAT III ILS approaches typically have lower minimums 


and require special certification for operators, pilots, aircraft, and air/ground equipment. 
[Figure 8-12] 
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|. one-half statute mile or 2,400 feet RVR. It may be reduced to RVR 1,800 
| feet when centerline and touchdown zone lights are provided. Normally, | 
the decision height is 200 feet above the touchdown zone elevation. 


CAT II ILS approach procedures provide for a 
DH of not less than 100 feet above touchdown 
and an RVR of not less than 1,200 feet. 


Decision Height (feet AGL) 


| CAT Ill ILS approaches are subdivided into three groups, all 
| of which allow descents to touchdown, since decision heights 

are not specified. CAT Illa approaches require 700 feet RVR, | 
CAT Ilib approaches require 150 feet RVR, and CAT llic 
' approaches are authorized without an RVR minimum. 


CAT liib 


CAT Hic 


CAT IH 77700 i seed 
po Runway Visual Range (feet) 


Figure 8-12. Because of the complexity and high cost of the equipment required, CAT III ILS approaches are used 
primarily in air carrier and military operations. 


ILS COMPONENTS 


The typical ILS installation is made up of several components. You receive guidance 
information from ground-based localizer and glide slope transmitters. To help you 
determine your distance from the runway, the ILS installation may provide DME fixes or 
marker beacons located along the ILS approach path. To facilitate the transition from 
instrument to visual flight as you approach the airport, runway and approach lighting 
systems are installed. [Figure 8-13] 


Figure 8-13. A typical ILS installation follows 
this general arrangement. Specific installations 
vary somewhat in terms of glide slope elevation, 
localizer width, or marker utilization. 


i = Oster’ Compass m 
Glide Slope Middle Marker 
Transmitter Locator 
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LOCALIZER 
The ILS uses a localizer transmitter to provide information regarding your alignment 
with the runway centerline. The localizer transmitter emits a navigational array from the 
far end of the runway, opposite the approach end. When these signals are used, the 
approach is said to be a front course approach. This transmitter can also provide a signal 
in the direction opposite the front course; however, you should not use these back course 
signals for navigation unless a back course approach is established and ATC has 
authorized you to execute the procedure. [Figure 8-14] 


Figure 8-14. The limits of localizer coverage applies to the 
The localizer transmitter operates on one of front course and the back course (if available). You should 


40S channels: withing igatoan epy be consider any signals you receive outside the depicted 
of 108.10 to 111.95 MHz. Localizer audio coverage area as unreliable. 


identification consists of a three-letter Morse 
identifier preceded by the letter |. —— — 
oo x : The operational service volume of a 
| localizer extends through an angular 
area 35° on either side of the course, 
out to a range of 10 nautical miles. 


WE 


The maximum reception altitude throughout l 


:the approach course is 4,500 feet above 
the elevation of the antenna. 


‘At 18 nautical miles, the 
| minimum reception altitude 
‘is 1,000 feet above the 
highest terrain along the 
approach course. 


From 10 to 18 nautical miles, 
the operational service 
_volume is reduced to 10° on 
either side of the course. 


f: ,000 feet 


| The angular width of localizers varies 

| between 3° and 6° in order to provide 
a signal width of approximately 700 
feet at the runway threshold. 


_Within a specific altitude block, course 
information is accurate to at least 18 
‘nautical miles from the antenna. 


The signal from the localizer transmitter represents only one magnetic course to the 
runway. Therefore, the course selected using the OBS of a basic VOR indicator does not 
affect course tracking. However, you may find it helpful to set the published course of 
the ILS on the navigation indicator as a reminder of the inbound course during tracking 
and heading corrections. Regardless of what course you select, the CDI senses off-course 
position only with respect to the localizer course. 


If you are using an HSI for the approach, you 
normally must set it to the ILS front course 
for guidance. When you are tracking the front 
course of an ILS toward the runway using a 
basic VOR indicator, CDI sensing is normal; 
that is, right heading corrections are applied 
to right deflections of the CDI. Reverse CDI 
sensing occurs whenever the aircraft travels 
on the reciprocal heading of the localizer 
course. [Figure 8-15] 


When using a basic VOR indicator, normal 

sensing occurs inbound on the front course 

and outbound on the back course. Reverse 
sensing occurs inbound on the back course and out- 
bound on the front course. With an HSI, you can avoid 
reverse sensing by setting the published front course 
under the course index. This applies regardless of your 
direction of travel, whether inbound or outbound on 
either the front or back course. See figure 8-15. 


8-24 


ILS APPROACHES SECTION B 


BACK 
COURSE 


Zz Ailey, 27" 
K` $ iy T 


~ 
we 


© 
4 


UTS 2 


Re, 
N Ys, 
AKG 


i}, 


Z 


it, 


“raat w lige 
ON Gi? 
nt A 
|l 


aust Wiig, i 


S 


-> = | \ = 
OX , V j VA r. sos R § 

‘> S A 
AtS, AN E CNW 
y ATS > Y % 


eee 


a gati, 


s 


RN 


eee 


4, CDI/HSI Display Ẹ 
we and Off Course 
Ø Distance 


= oe 


PJI ILEA a 


1 Dot=215' 
> 2 Dots = 430' 

1 Dot =355' 

2 Dots = 710' 


pe! Dot = 775' : 
2 Dots = 1,550'F 


| N 

| N 
\ 
N 

| Ñ 
N 
N 
N 
\N 
N 
N 
S 
N 
X 
SS 3 
- 


A 


o 
F 
co 
a 
OA 


Figure 8-15. When using a basic VOR indicator, normal sensing occurs inbound on the localizer front course and 
outbound on the back course. Reverse sensing occurs inbound on the back course and outbound on the front 
course. With an HSI, you can avoid reverse sensing by setting the published front course under the course index. 
This applies regardless of your direction of travel, whether inbound or outbound on either the front or back course. 
Each dot of displacement on your CDI/HSI equates to a specific distance from the localizer centerline, depending 
on your distance from the runway (see inset). 
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As you fly on a localizer course you will notice that the CDI is more sensitive than 
during VOR navigation. For instance, when navigating using a VOR, full-scale deflection 
of the CDI represents a 20° radial span, or 10° to each side of course. However, when 
using localizer signals, the total span of the CDI is 5°, or 2.5° each side of the course. 
The advantage to greater CDI sensitivity is that you can track a localizer course with a 
theoretical accuracy four times that of a VOR radial. Because of this, however, CDI 
movement is more rapid during localizer tracking necessitating timely corrections for 
off-course indications. The corrections you make should be relatively small to help 
prevent overshooting your desired course. 


GLIDE SLOPE 

The horizontal needle of a VOR indicator or HSI provides the vertical guidance you need 
to maintain the glide slope. The glide slope transmitter is offset and somewhat elevated 
from the runway centerline and normally only directs signals to the front course 


approach. [Figure 8-16] 


[ |. “ee 


Glide slope transmitters operate on 1 of 40 
-_ «ad ILS channels within the frequency range of 
329.15 MHz and 335.0 MHz. Since the UHF 
frequency is paired to the associated VHF 
localizer frequency, you automatically select 
the glide slope frequency when you tune the 
localizer frequency. 


i 


‘The glide slope transmitter 
: emits a beam 1.4° thick. 


The glide slope transmitter is usually placed 
750 to 1,250 feet down from the approach end 
- of the runway and is offset 250 to 650 feet 
: from the runway centerline. 


ee 
: Although the center of the glide slope 

is normally adjusted to 3° above the 
` horizontal, it may be higher depending 
| on the surrounding terrain. 


. The glide slope is normally usable up 
to 10 nautical miles from the 
transmitter. However, some locations 

may be certified for greater ranges. 


Figure 8-16. The glide slope transmitter is offset from the approach end of the runway to avoid being 
an obstacle to landing aircraft and to help prevent signal interference from aircraft on the ground. 


The glide slope signal provides vertical navigation information for descent to the lowest 
authorized decision height for the associated approach procedure. If you receive glide 
slope guidance below decision height you should consider it unreliable. You may also 
receive other erroneous navigation information, such as false signals and reverse sensing, 
at high angles above the normal 3° glide slope projection. To avoid navigation errors, you 
should only rely on glide slope indications from the time you approach the glide slope 
intercept altitude shown on the approach chart until you reach decision height. 


Since full-scale deviation of the glide slope needle is 0.7° above or below the center of 
the glide slope beam, a position only slightly off the glide slope centerline will produce 
large needle deflections on the navigation indicator. To fly a smooth approach, you must 
respond immediately to needle movement with heading, pitch, and/or power changes. 
[Figure 8-17] 
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Figure 8-17. To ensure obstacle 
clearance, you shouid avoid flying 
below the glide path. Depending on 
your distance from the runway, each 
dot of displacement on your CDI/HSI 
equates to a specific distance from 
the glide slope centerline (see inset). 
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THE SAFER, APPROACH 


Is it safer to fly a precision approach NORTH LATIN 
ASIA/PACIFIC AMERICA AMERICA EUROPE AFRICA 


than a nonprecision procedure? 
There is little question that if both types of 
approaches are flown correctly by a well trained 
pilot to a successful landing, the approaches 
can be considered equally safe. However, in some 
cases, specifically when analyzing accident 
Statistics, the safety of an operation can be 
defined as the relative risk over a period of time. 
When taken in this context, it seems that precision 
approaches are indeed the safer approach. 


A recent study completed under the auspices of 
the Flight Safety Foundation concluded that an 
increase in approach and landing safety can be 
obtained through the use of precision approach 
and landing guidance facilities. In the course of 
the study, a risk ratio was calculated for commercial aircraft flying a nonprecision approach for several regions of the world 
between 1984 and 1993 (see the accompanying graph). When an aggregate was calculated for all regions, it was concluded that 
the accident risk was over five times greater when flying a nonprecision approach versus a precision procedure. 


Operations experts believe that the lowest-risk approach results when the pilot establishes a stabilized approach. This can be 
accomplished with the addition of glide slope guidance to help pilots fly a steady descent to landing. Without the aid of a glide 
slope, the flight crew must more actively navigate vertically which can increase workload and translate to a degradation of 
situational awareness. 


One might ask the logical follow-up question, “If precision approaches can increase safety, why don’t all approach procedures 
incorporate some sort of vertical guidance system?” The answer centers on two primary issues — terrain and economics. While 
the terrain surrounding an airport can limit the locations where precision approaches can be used, another, possibly more 
significant issue lies in the higher cost of precision guidance systems. This economic constraint limits precision approach 
placement to only the busiest airports, particularly in developing countries. Fortunately, new technologies, such as GPS, may 
soon provide a solution to these problems. In any case, regardless of the sophistication of the approach system, one fact will 
remain — no one thing can make an approach safer than a well trained pilot. 


CHAPTER 8 


MARKER BEACONS 
ILS marker beacons provide range information with respect to the runway during the 
approach. All ILS marker beacons project an elliptical array upward from the antenna 
site. At about 1,000 feet above the antenna, the array is 2,400 feet thick and 4,200 feet 
wide. At 1,000 feet AGL, with a groundspeed of 120 knots, you will receive the signal for 
about 12 seconds. 


Usually, there are two marker beacons associated with an ILS — the outer marker (OM) 
and middle marker (MM). The placement of the OM varies from four to seven miles from 
the runway, depending on the installation. It usually is placed inside the point where 
an aircraft flying the ILS intercepts the glide slope. The MM is usually located 3,500 
feet from the landing threshold, with its signal array intercepting a 3° glide slope at 
approximately 200 feet above the touchdown zone. 


At some locations where Category II and III ILS operations have been certified, an inner 
marker (IM) is installed. The inner marker indicates the decision height on the CAT H 
glide slope and indicates progress on a CAT 
III approach. Occasionally, marker beacons 
may be used on the localizer back course to 
indicate the final approach fix. 


The glide slope centerline normally 


of approximately 200 feet above the 
In most general aviation aircraft, the marker touchdown zone. 
beacon receiver is incorporated into the 
audio control console for the avionics. 
Marker beacon receivers have three separate 
lights to correspond to the types of marker 
beacons. The audio identification of each 
marker beacon can be heard over the speaker 
during station passage. Usually, a control is 
provided for high or low receiver sensitivity. 
[Figure 8-18] 


D | As you pass over a marker beacon, the 
A appropriate visual display and audio 


Figure 8-18. When the aircraft passes through the signal array of the respective marker beacon, the associated 
light flashes and the Morse code identification sounds. 


COMPASS LOCATORS 


Many ILS systems use a low power, low or medium frequency (L/MF) radio beacon, 
called a compass locator collocated with the outer or middle marker. When the compass 
locator is installed in conjunction with the outer marker, it is called an outer compass 
locator (LOM). Similarly, when the compass locator is associated with the middle 
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intersects the middle marker at an altitude 


identification is activated. See figure 8-18. 
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marker, it is referred to as a middle compass locator (LMM). Compass locators usually 
have a power output of less than 25 watts, resulting in a reception range of at least 15 
miles. At some locations, high powered 
NDBs of up to 400 watts may be utilized as a T 
outer compass locators. mena two letters 

e at | 
190 to 535 kHz. Compass locators transmit a i L 
two-letter Morse code identifier taken from 
the last three letters of the localizer identifier group. For example, if the localizer identifier 
is IXYZ, the LOM would transmit the first two letters of the localizer identifier group 


(XY). If an LMM is installed, it would transmit the second two letters of the localizer 
identifier group (YZ). 


DME 


On many ILS procedures, a DME transmitter is placed at or near the localizer or glide 
slope transmitter to provide runway distance information. When installed on an 
ILS approach, you may use DME in lieu of the outer marker or to identify other 
published fixes on a localizer front or back 
course. In some cases, you also may use 
DME information from a separate facility, 
such as a VORTAC. On Jeppesen charts you 
can determine if DME is associated with the 
localizer frequency by looking for the 
ILS/DME notation on top of the facility 
box. NOS charts include the DME/TACAN 
channel in the localizer frequency box. 


The frequency range for compass locators is 


VISUAL INFORMATION 


Since you commonly fly ILS approaches in periods of poor visibility, visual information 
in the form of approach and runway lighting systems is provided to help you acquire the 
runway environment and transition to visual flight. Since some combinations of visual 
navigation aids can make the runway environment more apparent than others, certain 
lighting configurations can qualify precision approaches for lower minimums. [Figure 8-19] 
Complete information about lighting systems is contained in Chapter 3, Section A — 
Airports, Airspace, and Flight Information. 
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= Haight AM hare Figure 8-19. Whenever the minimum landing 
„Contamina ma Maal P visibility for an ILS approach is specified as 


ni 1,800 feet RVR, touchdown zone and runway 
3/4 mite=44,000 feet k pe a ; : i ‘ 

centerline lights are required. Anytime RVR is 
MALSR, SSALR, -yamie PS 400 feet | used, HIRL are required. In addition, runway 
edge lights are required for night operations. 


or ALSF-1 | oee feet 


MALSR, SSALR, e7 
or ALSF-1 and 200 feet Hori ` 1,800 feet 
TDZ/CL ~~ 


INOPERATIVE COMPONENTS 


The lowest landing minimums on an approach are authorized when all components and 
visual aids are operating. If some components are inoperative, higher landing minimums 
may be required. If more than one component is inoperative, you apply only the greatest 
increase in altitude and/or visibility required by the failure of a single component. 


According to FAR 91.175, certain substitutions for equipment outages are authorized. A 
compass locator or precision radar may be substituted for the outer marker or middle 
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marker. DME, VOR, or NDB fixes authorized in the standard instrument approach 

procedure or surveillance radar may be substituted for the outer marker. However, when 

the glide slope becomes inoperative (GS out), localizer-only minimums must be used. 

When the localizer is out or when a substitution for the outer marker cannot be made, an 
ILS approach is not authorized. 


If more than one component of an ILS is 
unusable, use the highest minimum 
required by any single component that 


Rd | 


is unusable. 


ds 
A compass locator, precision radar, 


surveillance radar, or published DME, VOR, 


When any basic ILS ground component 
(except the middle marker or the localizer) or 
required visual aid is inoperative, unusable, 
or not utilized, the standard straight-in landing 
minimums prescribed by the approach are 
raised. Jeppesen charts show the increase in 
minimums directly on the approach chart. If 
you use NOS charts, you compute the higher 
minimums by consulting the Inoperative 
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Figure 8-20. This excerpt from 
the NOS Inoperative Components 
or Visual Aids Table shows the 
minimums increase for the failure 
of certain components associated 
with a precision approach. For 
example, suppose you plan on fly- 
ing an ILS with a visibility 
minimum of 1,800 RVR and 
subsequently are informed that 
the ALSF 1 is out of service. In 
this case, you should raise the 
visibility minimum to 4000 RVR. 


or NDB fixes may be substituted for the 


5 a @¢@ a a 
f If the glide slope is inoperative or fails — 
Rd during your approach, the localizer (es 


out) minimums apply and you may continue 
ach tothe applicable MDA. 
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Components or Visual Aids Table located in 


l jé the front of the Terminal Procedures 
>s Publication. [Figure 8-20] 
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INOPERATIVE COMPONENTS OR VISUAL AIDS TABLE 


Landing minimums published on instrument approach procedure charts are based upon full operation of 
all components and visual aids ossociated with the particular instrument approach chart being used. Higher 
minimums are required with inoperative components or visual aids as indicated below. if more than one 
component is inoperative, each minimum is raised to the highest minimum required by any single component 
that is inoperative. ILS glide slope inoperative minimums are published on instrument opproach charts as 
localizer minimums. This table may be amended by notes on the approach chart. Such notes apply only 
to the particular approach category{ies) as stated. See legend page for description of components indicated 
below. 


(1) ILS, MLS, and PAR 


inoperative 
Component or Aid 


ALSF 1 & 2, MALSR, 
& SSALR 


{2) ILS with visibility minimum of 1,800 RVR. 


ALSF 1 & 2, MALSR, 
& SSALR 


To 4000 RVR 


To 2400 RVR 
To % mile 


TDZ! RCLS 
RVR 


FLYING THE ILS 


ILS approach training introduces vertical guidance by radio navigation. While tracking 
the localizer, your CDI senses horizontal movement of the aircraft away from the course. 
Simultaneously, a precise descent path to the runway is provided through glide slope 
information displayed on the same instrument. [Figure 8-21] 
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Figure 8-21. When flying an ILS, you track the line formed by the intersection of the glide slope and localizer courses. 


Prior to intercepting the ILS glide slope, you should concentrate on stabilizing airspeed 
and altitude while establishing a magnetic heading which will maintain the aircraft on 
the localizer centerline. Flying at a constant airspeed is not only desirable, but essential 
for smooth, accurate descents to decision height. At glide slope interception, you need 
to initiate a descent to stay on glide slope. In fixed-gear aircraft, you will usually need to 
reduce power, although the amount of reduction depends on whether you lower the 
flaps. In retractable gear aircraft, the amount you adjust pitch and power depends on 
when you lower the landing gear and flaps. [Figure 8-22] 


Figure 8-22. Since your aircraft is usually below the glide slope during the intermediate approach segment, the 

glide slope indicator will display a full-up needle deflection. You should observe the initial downward movement 

of the indicator and lead the descent to intercept the glide slope centerline accordingly. 
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Intercepting the glide slope at the proper speed will make the descent more stable. 
However, if your airspeed is too high after glide slope interception, you will need to 
make a further power reduction. As the airspeed decreases, you should make a pitch 
adjustment to keep the aircraft from going below the glide slope. After the descent rate 
stabilizes, use power as necessary to maintain a constant approach speed. You can use 
small pitch changes to maintain the glide slope. However, if the glide slope indicator 
approaches full scale deflection, you should 


respond immediately with pitch and power : 
adjustments to re-intercept the glide slope. » If the glide slope and localizer are centered 
P but your airspeed is too fast, your initial 


a. adjustment should be to reduce power. 


f, 
4o 
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The rate of descent you should maintain 
primarily depends on your groundspeed. For 
the same glide slope angle, you will need a 
lower rate of descent as your groundspeed decreases, and vice versa. For example, in 
no-wind conditions, a 555-foot per minute rate of descent will keep you on a 3° 
glide slope if you maintain 105 KIAS. However, with a 15-knot headwind (90-knot 
groundspeed), you will have to reduce your 


rate of descent to 480 feet per minute to stay : 

on a 3° glide slope. D If your groundspeed decreases, the rate of 
Rè descent required to stay on glide slope 

While inbound on the localizer, establish must also decrease, and vice versa. 

required drift corrections before you reach 

the outer marker. As the course narrows, 

make small drift corrections and reduce them proportionately. By the time you reach the 

outer marker, your drift correction should be established accurately enough to permit 

you to complete the approach with heading 

corrections no greater than 2° in calm wind 


conditions. D i Localizer and glide slope indications become 
Rè more sensitive as you get closer to the 


If you maintain the glide slope for an 
approach, you should reach the decision 
height at approximately the middle marker 


g 


runway. On a well executed ILS in caim 
wind conditions, you should not need heading corrections 
greater than 2° after you have passed the outer marker. 


(if installed). Although you may reach the 

decision height at or near the middle marker, 

the charted MAP for an ILS approach is the point where the glide slope intercepts the 
decision height. This point may, or may not, be at the middle marker. 


During actual IFR weather conditions, it is usually apparent when you can continue the 
approach visually. However, prior to DH or MDA (GS out), you should continue your 
instrument cross-check with only brief glances outside until you are sure that you have 
established positive visual contact with the runway environment. It is not unusual on an 
ILS approach to establish visual contact at 500 to 600 feet AGL and then lose outside 
visual references as the descent continues. This may be due to a very low fog layer that 
allows visual contact from above but causes loss of visual cues on a horizontal plane 
within the layer. For this reason, you should avoid descents helow the glide slope before 
you reach DH, even though you have visual contact with the runway. 


The conditions under which you can descend below DH or MDA on an approach are 
specified in FAR 91.175 and discussed in Chapter 7, Section B — Approach Procedures. 

If the required conditions are not met at the 

MAP, you must execute a missed approach. A 

missed approach also is required if you cannot The DH on the glide slope is the MAP on 
maintain these requirements all the way to Rd a precision approach. If you have not 
touchdown. During a missed approach, you established the required visual references 
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must comply with the published procedure 
unless ATC specifies otherwise. 


at the DH on an ILS approach, you must execute the 
missed approach. 


ILS APPROACHES SECTION B 


"= —— O o 
STRAIGHT-IN (NOPT) 
ILS APPROACH 


As with the other types of approaches, each ILS approach is designed for the individual 
airport. Many ILS procedures allow you to fly the approach without executing the 
depicted course reversal. These straight-in (NoPT) initial approach segments can be a 
convenient and efficient way of positioning the aircraft on the final approach course. 
The following discussion assumes you are inbound from the north for landing at 
Lebanon Municipal Airport, Lebanon, New Hampshire. 


PREPARING FOR THE APPROACH 

Your route takes you over the Montpelier VOR/DME, an IAF for Lebanon’s only ILS 
approach. The current ATIS reveals that the weather is 500 broken, 2 miles visibility in 
rain showers, wind 140° at 7 knots, and the altimeter setting is 29.94. The ATIS also 
advises that ILS Runway 18 approaches are in progress. With this information in mind, 
conduct an approach chart review so you are familiar with the procedure. [Figure 8-23] 


BOSTON 

134.7 381.4 

125.95 (CTAF) @ 385.5 
CON . 


Figure 8-23. During your 
approach chart review, look for 
the critical information first (see 
highlights) then scan the chart for 
other information which may help 
you be better prepared to execute 
the procedure. 


ean) PL. 


|e, ~~ You can identify BURGR using a marker 
8 beacon receiver, the LEB 318° radial and 

the localizer course, the 226° bearing to 
-IVV and the localizer course, or the |-DVR 
= 7.1 DME fix. 


Since this glide slope is greater than 
the standard 3°, you will need a 
slightly higher rate of descent than 
normal to stay on glide slope 
(assuming the same groundspeed). 
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MISSED APPROACH 
Climb to 2000 then climbing right 
turn to 4800 direct IVV NDB and 
hold. 
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To prepare for the approach, reset your altimeter and tune your navaids for the 
approach. Set the ADF to 379 kHz for the IVV NDB and the VOR/LOC receiver to 111.9 
MHz for the localizer. Tune the number two communications radio to the tower 
frequency of 125.95 MHz and leave the other VOR receiver tuned to the MPV VOR/DME. 
Verify all navaid frequencies, including the DME, by listening to the identification 
feature, then turn on the marker beacon receiver and test it for proper operation. iets 
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YOUR GLEARANCE 
Prior to reaching MPV, Boston Center advises, “Arrow 659MR, you are cleared for the ILS 
Runway 18 approach to Lebanon. Maintain 6,000 until established on the approach. 
Contact Lebanon Tower at BURGR.” With this clearance, you can begin the approach 
upon arrival at the IAF. 


DESCENT PRIOR TO THE FINAL 


APPROACH COURSE 


Since the MPV VOR/DME is an IAF, you can begin a descent to 4,000 feet MSL once you 
are established on a magnetic course of 181°. Using a 500-foot per minute rate of descent 
at 120 knots, you should reach 4,000 feet in 2 minutes 
and level off about 12 miles prior to reaching 
HAMMM. This is a good time to complete your 
before landing checklist, with the possible exception 
of the landing gear and/or flaps. As you approach 
HAMMM, scan the VOR indicator (or HSI) for 
localizer indications. As the localizer needle 
begins to center, you time your turn to roll out on 
the final approach course. 


INBOUND TO THE 
OUTER MARKER 


Once you are established on the localizer, begin a descent to 3,500 feet MSL, as shown in 
the chart profile view. Continue to scan your VOR indicator (or HSI) since you may have 
to use a wind correction to stay on course. As you level off (about 3 miles from BURGR), 
slow to approach speed and maintain altitude until you intercept the glide slope from 
below. Begin a stabilized descent to remain on glide slope while 
simultaneously tracking the localizer. At a groundspeed of 
90 knots, a descent rate of 480 feet 
per minute will keep you on the 
standard 3° glide slope. If you have 
not already lowered the landing gear 
and/or flaps, do so prior to reaching 
the outer marker, BURGR. You can 
monitor your progress toward 
BURGR using DME as well as scan- 
ning for the outer marker on-glide- 
slope altitude of 2,721 feet MSL. 


FINAL APPROACH SEGMENT 


You know you have arrived at the OM when your marker beacon receiver flashes a blue 
light and emits a series of dash tones. As directed earlier, contact Lebanon tower: 
“Lebanon Tower, Arrow 659MR at BURGR inbound on the ILS Runway 18 approach.” 
Depending on traffic, you may receive landing clearance at this time. At 3.9 DME, you 
reach FRYYS, which is only significant if you are flying the approach without the aid of 
a glide slope. As you continue the approach, make corrections as necessary to stay on 
glide slope and localizer. [Figure 8-24] 
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You are off course and off glide slope. To 
correct, turn to the right to regain localizer 
centerline. Simultaneously, adjust pitch and 
power to descend back to the proper glide 
slope without gaining airspeed. 


7%, © 
“Ny, i mÝ 


i y You are on course and 
w glide slope. 
No ai 


You are on glide slope but 
have drifted to the right of 
course. Turn slightly to the 
left to correct. 


Figure 8-24. Once you are established on ILS final approach course you should make small corrections to 
remain on course and glide slope. Remember to use pitch attitude to control your position relative to the glide 
slope and adjust the throttle to maintain airspeed. 


While descending toward the runway, systematically monitor the altimeter so you know 
precisely when you reach the DH of 953 feet MSL. If you establish the required visual 
contact with the runway environment prior to, or at, the DH, you can continue for a 
straight-in landing. 


MISSED APPROACH 


If you reach decision height and determine 
that you must execute a missed approach, 
add power, increase pitch attitude, and 
raise the gear and/or flaps, as appropriate. 
When you report the missed approach to 
tower you will probably be told to contact 
Boston Center to request clearance for 
another approach or routing to your 
alternate. To continue the missed 

f i 2 
approach procedure, climb straight ; 
ahead to 2,000 feet MSL before begin- 
ning a right turn direct to the IVV NDB. 
Keep climbing until you reach 4,800 feet MSL. Depending on winds 
and your climb rate, you will probably use a parallel entry into the 
published holding pattern at IVV. 


WHITE RIVER 
379 Wiss 


MISSED APPROACH 

Climb to 2000 then dimbing right 

turn to 4800 direct IVY NDB and 
d. 


ILS APPROACH WITH A 
COURSE REVERSAL 


Some ILS procedures, particularly those serving airports without radar coverage, 
necessitate the use of a course reversal. You might encounter a good example of this if 
you were flying into West Yellowstone, Montana. 


SSC TIEN E 23 


EG 
“3 


ND 


8-35 


CHAPTER 8 : INSTRUMENT ARE ROAGES 


7 ai i 


PREPARING FOR THE APPROAGH 

In this example, your planned route takes you south over WAIDE Intersection 
at 16,000 feet inbound to West Yellowstone. After obtaining the local altimeter setting 
and other airport information from UNICOM, you conduct a chart review for the 


approach in use. [Figure 8-25] 
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Figure 8-25. Four feeder routes 
terminate at the sole IAF for the ILS 
Rwy 1 approach, Targy. In addition 
to the standard items you should 
check during your chart review (see = 
highlights), you note some other 
unique characteristics of this 
approach. 


SALT LAKE Center 132.4 
GREAT FALLS Radio 122.45 
YELLOWSTONE UNICOM CTAF 123.0 


HU local altimeter setting not received, 
procedure not authorized. 


Pilot controlled lighting. 


10 
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The highest terrain rises over 2,000 feet 
above the touchdown zone within 7 miles 
of the airport and 4 miles of the final 
approach course. 
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When inbound on the course reversal to 
intercept the glide slope, you have to 
maintain a higher altitude than if you 
were going to fly to the LOM while 
executing the LOC (GS out) procedure. 


IG RWY 1 
LOC (GS out) 
moai) 77 20'(1076') 
RAIL 
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CHANGES: CTAF frequency. © JEPPESEN SANDERSON, INC., 1991, 1998, ALL RIGHTS RESERVED, 
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i As you prepare to transition from the 


enroute portion of your flight, tune your 
ADF receiver to 415 kHz for the Targy 
LOM, identify the station, and check the 
bearing indicator for proper operation. 
With two VOR receivers, you can tune 
one of them to the localizer, ILOW. At this 
distance from the airport, however, it 
is unlikely you will be able to receive the 
signal. Therefore, you make a mental note 
to identify the station as you get closer. 
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YOUR CLEARANCE 
While headed south on V343, ATC asks 
you to report WAIDE Intersection. Upon 
arrival at WAIDE, Salt Lake Center issues 
you an approach clearance: “Arrow 
659MR, proceed direct to Targy. Descend 
and maintain 13,000. Cleared ILS Runway 
1 approach to Yellowstone. Report Targy 


outbound.” 


DESCENT PRIOR 
TO THE IAF 


Since WAIDE Intersection is not an IAF, 


SECTION B 


you may only descend to your last assigned altitude until you reach the IAF, Targy. From 
WAIDE, you should fly a magnetic course of 109° to the LOM. To help you maintain your 
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course, you can check the ADF bearing indicator for any apparent 
wind drift as you fly toward the LOM and, if necessary, apply a wind 
correction. Prior to reaching the LOM, make sure you identify the 
localizer you previously tuned. 


OUTBOUND ON THE 
PROCEDURE TURN 


After you arrive at Targy, turn to intercept the localizer outbound. 
Since you are crossing over the outer marker, the ADF bearing 
indicator will begin to move away from the nose position and the 
blue marker beacon light will flash. As you turn 
outbound on the localizer course, reverse CDI 
sensing will be apparent. As previously directed, 
report outbound: “Salt Lake Center, Arrow 659MR 
Targy outbound.” At this point Center will typically 
instruct you to contact the CTAF. When the ATC 
controller advises “Change to advisory frequency 
approved,” you should switch to the CTAF 
frequency and broadcast your intentions, including 
the type of approach being executed, your position when over 
the FAF inbound (nonprecision approach) or when over the 
outer marker or fix used in lieu of the outer marker (precision 
approach) inbound. 


Within two minutes of tracking outbound on the localizer, turn left 
to a heading of 145°. During this segment of the approach, begin a 
descent to 10,000 feet MSL. You may want to complete the before 
landing checklist (except for landing gear and/or flaps) during this 
portion of the approach. 


INBOUND TO THE LOM 


After flying for approximately one minute on the 
procedure turn outbound, reverse course by com- 
| pleting a 180° standard rate right turn to a heading of 
325°. It is a good idea to set the course selector to 
| 010° as a reminder of the inbound course. As the 

ADF bearing indicator moves toward a 045° relative 
bearing, watch the CDI (which now displays proper 
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sensing) for the localizer needle to begin to center. As the needle centers, time your right 
turn to 010° so that you roll out on course. Once you are established on the localizer 
inbound begin a descent to 9,500 feet MSL. As you continue the approach, apply any 
necessary wind correction to keep the localizer needle centered. Keep scanning for glide 
slope interception, which you can expect to occur before you reach the LOM. 


FINAL APPROAGH SEGMENT 

Upon crossing the LOM, start your timer so that you can identify the localizer-only 
missed approach point in the event that the glide slope fails. As you fly the final 
approach segment from Targy, apply normal ILS procedures to stay on course and glide 
slope. Continue to scan the altimeter for your DA(H) of 6,844’(200’). [Figure 8-26] 


oe ee ore 


You are on glide slope but left of 
course. Turn slightly to the right to 
center the localizer needle. 


SY; A 
ha Urin a You are on course 


and glide slope. 


You are right of course and below 
glide slope. Raise the nose and add 
power to return to the glide slope 
while maintaining your approach 
airspeed. Simultaneously turn left 
toward the localizer centerline. 


GS68857(241°) 


Figure 8-26. You should always correct immediately for any below glide slope indications. 
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MISSED APPROACH 

If you must execute a missed approach upon arrival 
at DA(H), climb straight ahead to 7,600 feet MSL while 
reconfiguring the aircraft. Upon reaching 7,600 feet, begin a 
climbing right turn and track direct to Targy. Level off at 
10,000 feet MSL as you fly toward the LOM. In most cases, 
you will have to make a parallel 
entry into the depicted holding 
pattern. Make sure you report the 
missed approach to Salt Lake Center 
and request another approach or 
clearance to your alternate. 


GS 6885'(241') 
X 


| 


: . o6 0 
MISSED APPROACH: Climb to 7600’, then climbing RIGHT turn to 10000’ direct 
LO LOM and hold. 


ILS/DME APPROACH 


Although separate ILS approach procedures share many similarities, there also are 
many differences due to facilities, equipment, terrain, and airport location. Since every 
instrument approach is unique, you should always study each approach carefully. The 
procedures you use to fly an ILS/DME approach are essentially the same as any other ILS 
approach except for the requirement to identify approach and/or missed approach fixes 
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using DME. As an example, assume you have been cleared for the ILS DME Rwy 32 
approach from the Crazy Woman VOR (IAF) to the Sheridan County Airport, Sheridan, 
Wyoming. [Figure 8-27] 


The MSA to the west is 14,200 feet MSL. 
The high terrain is represented by the terrain 
contours shown in the plan view. 


Figure 8-27. You are 
required to have DME 
equipment for the 
approach when specified 
in the approach chart 
title. On this approach, 
you need DME to identify 
key points along the 
approach. 
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ACHANGES: ASOS frequency added. 


RADAR VECTORS 
TO ILS FINAL 


When radar is approved for approach control service, it is also used to provide vectors 
to published instrument approach procedures, such as the ILS. Radar vectors can be 
provided for course guidance and for expediting traffic to the final approach course 
of any established instrument approach procedure. Whenever ATC is providing radar 
vectors to the ILS approach course, you normally will be advised by the controller or 
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through ATIS. [Figure 8-28] The is RWY 32 AL-267 (FAA) MOBILE a A 
procedures related to flying radar Sin ee ona oe 
vectors to the final approach paa a = as aa 
course are covered in detail in “OP. Er EIE 


Chapter 7, Section B — Approach 
Procedures. 


j iis ea 
Figure 8-28. Although you can a 
typically be radar vectored to 
the final approach course from 
any direction, it would 

be particularly efficient when 
approaching Mobile Regional 
Airport from the east. Once 
you are established on the 
final approach course, you 

fly the ILS just as you would 
without radar available. 


ENROuTE FACIUTIES ——~ 


Flying the Ball 


You have just completed your assigned mission. You are 

" hundreds of miles from land but only have enough fuel to 
fly for about another 45 minutes. Your job is to make an approach and 
land on a 400-foot runway which is moving away from you and pitch- 

ing up and down as much as 30 feet. If you are a carrier-based Naval 
Aviator, this is probably just another day at the office. [Figure A] 


Day or night, Navy pilots rely heavily on an alignment device, called a Decis Mabaa 
fresnel lens optical landing system (FLOLS), to provide approach guidance. The stabilized system consists of a yellow light, 


O O commonly referred to as the meatball (or simply the ball), which appears to 
B 


| move vertically, depending on the aircraft's position relative to the ideal glide 
~ slope. When on the proper approach angle, the ball is centered between two 
į rows of fixed green lights. The FLOLS, 
which is the Navy’s primary landing 
guidance system, is located on the port 
(left) side of the deck edge. [Figure B] 


Courtesy of U.S. Navy 


The glide slope coverage of the FLOLS is 
t 1.7° high by 40° wide. If flown correctly, 
the aircraft will cross over the ramp of the 
carrier through a window 5 feet high and 20 feet wide. By keeping the ball in the center, the 
pilot flies the aircraft to a point which results in the aircraft's tailhook catching the 3rd of 4 
arresting wires. To accomplish this feat, every pilot on approach must scan 8 critical items — 
the aircraft's angle of attack, lineup on the flight deck marking and/or lighting, and the ball. The 
pilot receives additional guidance from a Landing Signal Officer (LSO) stationed on the flight 
deck. [Figure C] While you may not have the same tools available to you as a carrier pilot, you 
also don’t have to land on a pitching, rolling, heaving runway. 
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ILS APPROACHES TO © 
PARALLEL RUNWAYS 


At airports which have two or three parallel runway configurations ILS approach opera- 
tions may be authorized on each runway. ILS approaches to parallel runways are divided 
into three classes depending on runway centerline separation as well as ATC procedures 
and capabilities. [Figure 8-29] 
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Figure 8-29. At some airports, one or more parallel ILS courses may be offset up to 3°. This configuration results 


in an increase in decision height of 50 feet and a loss of CAT I! capabilities (if applicable). 


Due to the close proximity of aircraft during some parallel procedures, it is imperative 
that you maintain situational awareness and strict radio discipline. During the approach, 
you should avoid lengthy and/or unnecessary radio transmissions to allow final 
approach controllers time to issue critical instructions as needed. In addition, to help 
eliminate any confusion among aircraft, you should always use your full call sign when 


responding to ATC. 


PARALLEL (DEPENDENT) 
ILS APPROACH 


Parallel (dependent) ILS approach operations may be conducted to parallel runways 
with centerlines at least 2,500 feet apart. However, due to the close proximity of the final 
approach courses, aircraft are separated by a minimum of 1.5 miles diagonally. If the 
runway centerlines are more than 4,300 feet but no more than 9,000 feet apart, ATC 
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must maintain a diagonal separation 
between aircraft of at least 2 miles. The 
procedures you use to fly the approach are 
the same as a standard (nonparallel) ILS 


approach. [Figure 8-30] 


Figure 8-30. While the approach chart is not 
required to indicate that parallel approaches may 
be conducted, you will be informed by ATC or 
through the ATIS broadcast if parallel approaches 
are in progress. 
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- , SEATTLE-TACOMA INTL (SEA) 
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MISSED APPROACH 
Climb to 2000 via SEA R-339 
to Parkk LOMISEA 5.8 DME 
and hold. 
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SEATTLE, WASHINGTON 
on SEATTLE-TACOMA INTL (SEA) 


SIMULTANEOUS 
(INDEPENDENT) 
PARALLEL ILS 
APPROACH 


A simultaneous (independent) parallel ILS 
approach differs from a parallel (dependent) 
approach in that the runway centerlines are 
separated by 4,300 to 9,000 feet and the 
approaches, which do not require staggered 
separation, are monitored by dedicated final 
controllers. The final monitor controllers 
track aircraft position and issue instructions 
to pilots of aircraft observed deviating from 
the localizer course. [Figure 8-31] 


Figure 8-31. A note is included on the approach chart of an 
ILS approach which is certified for simultaneous operations. 
In addition, ATC or the ATIS broadcast will advise you if 
simultaneous parallel approaches are in progress. If you 

do not want to fly this type of approach, you should advise 
ATC immediately. 


ILS APPROACHES SECTION B 


During the approach, ATC is not required to maintain staggered aircraft separation. You 
will be instructed to monitor tower frequency for advisories while on final approach. The 
final monitor controller has the ability to override the tower controller if needed to issue 
instructions to aircraft deviating from the localizer course. If an aircraft does not respond 
correctly or enters the no transgression zone (NTZ) between runways, the final monitor 
controller may issue breakout or missed 
approach instructions. If necessary, the 
controller may also instruct the aircraft on 
the adjacent approach to alter course. 


You fly a simultaneous parallel ILS 
approach as you would any other ILS. You 
will be radar monitored during the approach; however, once you report the runway 
environment in sight, or you are one mile or less from the threshold, or when visual 
separation is applied, radar monitoring will be terminated. In any case, you should 
not expect that the final monitor controller will advise you when radar monitoring 
is terminated. 


SIMULTANEOUS CLOSE PARALLEL ILS 
APPROACH 


Typically, a single-runway approach procedure can support 29 arrivals per hour. Two 
simultaneous independent flows of approach traffic can double an airport’s capacity on two 
JEPPESEN parallel runways. Historically, parallel 


D e runways had to be at least 4,300 feet apart 
| KMSP JEPPESEN MINNEAPOLIS, MINN f for ATC to authorize simultaneous parallel 


MINNEAPOLIS-ST PAUL INTL (simuttaneous ctose raraiier) ILS PRM Rwy 12R 
D-ATIS MINNEAPOLIS Approach {R} OT Tower PER TOUI 
135. 35 126. 35 Monitor mi guent: Hio. 97 121.8 
LOC Final ILS 
IHKZ Ae ME = DA(H) Apt Elev BAT! 
110.3 119° enone 1041’,200')| roze 841’ 


MISSED APCH: Climb to 1500’, then climbing RIGHT turn to 5000’ 
direct FGT VOR and hoid. 


1. Dual VHF communication required. 2. RADAR required. 
3. See 11-0 for “Attention All Users of ILS Precision Runway Monitor (PRM)”. 


ILS approaches; however, this is no longer 
the case with the advent of a system called 
the precision runway monitor (PRM). 


The PRM uses a radar offering one second 
(or faster) updates on targets, a high- 
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SESIR orsa resolution color ATC display, audio and 

-| oS nem Eo visual alert systems for controllers, and 

WAY. software for projecting aircraft track vectors. 
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This system, which can display turns as 
they occur, does not require any extra 
equipment on the aircraft or sensors on the 
airport other than the PRM electronically 
guided antenna. [Figure 8-32] 
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Figure 8-32. Although many 
requirements must be met 
before you can execute a 
simultaneous close parallel 
ILS approach, you fly it using 
normal ILS procedures. The 
photo shows a PRM mounted 
on a tower. 
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CHANGES: Chart reindexed, Fudge transition removed, notes. 
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Aircraft on simultaneous close parallel ILS approaches are monitored by a radar 
controller to ensure that neither aircraft enters, or blunders, into the NTZ which lies 
between the runways. If the 10-second projected track indicates that an aircraft is going 
to enter the NTZ, the system alerts the controller. If the aircraft’s displayed position 
enters the NTZ, the controller immediately issues breakout instructions to the pilots. 
Breakout instructions involve discontinuing the approach, turning outward, climbing to 
minimum safe altitude, and executing a missed approach. 


The PRM has been able to provide a solution to increased air traffic around busy airports 
with closely spaced parallel runways. The system is not only safe and efficient, but it is 
also a much more cost effective and practical alternative to building new runways. 


SIMULTANEOUS 
CONVERGING INSTRUMENT 
APPROACH 


Airports which have runways situated at an angle of 15° to 100° to each other may have 
approval for conducting simultaneous instrument approaches to the converging runways. 
The development criteria for simultaneous converging instrument approaches requires 
that the approaches have missed approach points at least 3 miles apart and missed 
approach procedures which do not overlap. Other requirements vary somewhat depend- 
ing on whether or not the runways intersect. While you should fly the converging 
approach as you would any — 
other similar approach, you CONVERGING 
will notice that converging | ILS RWY 31R 
approaches all terminate | |“ Str 133223 
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LOCALIZER APPROACH 


There are two circumstances where you may execute a localizer approach. First, if it is 
authorized, you can fly the localizer portion of an ILS approach if you cannot, or choose 
not, to use glide slope guidance. The second instance occurs on approaches designed 
specifically as nonprecision procedures using a localizer transmitter. [Figure 8-34] Since 
the characteristics of the localizer are the same as those associated with an ILS approach, 


you fly a localizer approach using the same procedures to maintain course as you would 
for an ILS. 
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Figure 8-34. The main 
difference between a localizer 
and an ILS approach, other 
than the lack of a glide slope, 
is that since the localizer is a 
nonprecision approach, you 
descend to a minimum 
descent altitude instead of a 
decision height. 
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LOCALIZER BACK 
COURSE APPROACH 


At airports where ILS equipment is installed, it is not unusual to find localizer back 
course approaches. Although a localizer back course approach does not have an 
associated glide slope, you may find that you receive false glide slope signals from 
the front course ILS equipment. It is important that you disregard any glide slope 
information while executing a back course approach. Another important consideration 
is the type of equipment you have onboard your aircraft. Remember, reverse sensing will 
occur on a back course localizer inbound when you are using a basic VOR indicator. 
With an HSI, you can avoid reverse sensing if you set the front course on the course 
selector. Except for these considerations, flying a back course localizer is very much like 
executing any other localizer approach. [Figure 8-35] 
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Figure 8-35. Assume 
you are inbound to 
Boise Air Terminal and 
are cleared for the LOC 
(BACK CRS) Rwy 28L 
approach, sidestep to 
Runway 28R. After 
conducting a chart 
review and setting 
your navaids and 
communications 
equipment in preparation 
for the approach, you 
arrive at the IBOI 20 
DME fix at 6,800 

feet MSL. 
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LDA, SDF, AND MLS 
APPROACHES 


Approaches which are similar to the localizer or ILS include the nonprecision localizer- 
type directional aid (LDA) and simplified directional facility (SDF) approaches as well 
as the precision microwave landing system (MLS) approach. While you can fly an LDA 


or SDF approach if your aircraft is equipped to track a localizer, you need a special 
receiver to execute an MLS procedure. 


ILS APPROACHES SECTION B E 
i E 
a 


LDA APPROACH 


A localizer-type directional aid (LDA) can be thought of as a localizer approach system 
that is not aligned with the runway centerline. In fact, the identifier for an LDA begins 
with an I followed by a 3-letter group, just like a localizer. The LDA course width is the 
same as a localizer associated with an ILS — between 3° and 6° wide. Some 
JEPPESEN LDA approaches have an electronic glide 
Sy. 3 ae slope, although this is not a requirement 
es -> Nya for the system. If the final approach course 
= ee : EKENS pucol is aligned to within 30° of the runway 
“CLARKSBURG Approach (R) 121. 15 i JENNINGS RANDOLPH centerline, straight-in landing minimums 
WASHINGTON Conter (R) 128.6 when App Irop. ACOE pes also may be available. [Figure 8-36] 
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SDF APPROAGH 


The simplified directional facility (SDF) approach system does not incorporate 
an electronic glide slope and may offer less accuracy than the LDA. While the typical ILS 
or LDA localizer is between 3° and 6° wide, an SDF localizer course is fixed at either 6° 
or 12° wide. The lateral limits of SDF course guidance are 35° either side of 
centerline; you should disregard any SDF navigation information you receive beyond 
35°. As with any other navaid, you should tune and identify the facility prior to using 
it for navigation. While similar to a localizer or LDA, an SDF 3-letter identifier is not 


preceded by an I. 


Once you are on SDF final approach course, you should use essentially the same 
procedures you use when flying a localizer or LDA approach. However, it is important 
to remember that you may experience reduced CDI sensitivity during the approach. 


i 8-37 
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An SDF course (which is either 6° or 12° 
wide) may be offset from the runway 
centerline. 


Figure 8-37. Since most SDF courses are aligned 
within 3° of the runway bearing, you will typically 
find that SDF approaches are published with 
straight-in minimums. 


Wario. NY PORTLAND INTL (PDX) 
MLS RWY 28L AL-330 [FAA} PORTLAND, OREGON 
AMIS ARR 128.35 269.9 i 

OEP 120.625 239,25 

PORTLAND AP? CON 

133.0 360.8 


A 1670 
1609, 

PORTLAND TOWER 
118 7 257.8 
GND CON 
121 9 348.6 
CINC DEL 
120.125 318.1 


RADAR REQUIRED 


NEWBURG 
117 4 UBG Se 


MISSED APPROACH 
Climb to 500 then cl:mbin: 
turn to 4000 vio heading 
and 8-355 to UBG VORTAC. 


600-1 
58) 1600-144) 
740-2 
713 (800-2) 
BWV MLS elevation unusable 309-31 9* below 3.0°. 
y 


581 1600-17) 


980-3 
953 [1000-3) | REIL Rwy 21 


TDZICL Ruy IOR 


lwy 3-2 
a HIRL Rwys 10R-28L and 10L-28R 
-FAF to MAP d SNM 


45°35'N-122°36'W 


MLS RWY 28L 
Origa 143 


PORTLAND INTL (PDX) 


8-48 


INSTRUMENT APPROACHES 


DOO! UNTY CHERRYLAND (SUE) 
AL sean aan R COUNTY SIGEON BAY, WISCONSIN 


Amdt é 196 
SDF RWY 1 
[ GREEN BA PP CON 


A 1339 


Di 
fiue mit 


E aee EE S e a sarasmi 
y 724 
MISSED APPROACH ea 2 
Climb to 2000 then ch o 
lefi turn to 2700 direct tt 
LOM and hold 


within 10 NM 


2700 —01 6k 


270 meg 


Ske 


A [s o 


CATEGORY 


$1 1140-1 416 (500-1) 


1180-1 
ass (500-1) 


1140-1 Ya 416 (500-14) 


1180-1% | 1280-2 
456 (500-1%) | 556 (600-2) 


1140-1 
416 ($00-1) 


CIRCUNG 
Ana 


SDF RWY 1 oo age 
Amdt ó 


198 STURGEON BAY/DOOR COUNTY CHERRYLAND (SUE) 


MLS APPROACH 

The microwave landing system (MLS) 
approach is a precision approach procedure 
which provides azimuth, elevation, and 
distance information. A back azimuth may 
be included for guidance during the missed 
approach and departure. Due to the unique 
characteristics of the MLS, procedures can 
be designed with multiple final approach 
paths, including curved paths, and multiple 
glide slope angles. [Figure 8-38] 


Figure 8-38. You must have special equipment to receive 
MLS signals (which can be identified by the Morse code for 
the letter M, preceding the three-letter Morse code identifier). 
MLS navigation guidance can be displayed on a conventional 
VOR indicator and DME display or incorporated into a 
multi-purpose cockpit presentation. 


An MLS is identified by the Morse code a 
the letter M followed by the three-letter 
identifier for the facility. 


ILS APPROACHES SECTION B f 


The microwave landing system is less susceptible to interference from obstacles and 
high power FM stations. This makes MLS well suited to areas in which the installation 
of ILS is difficult or impossible. While originally thought to be a replacement for ILS, the 
future of MLS has been put in doubt as the promise of precision GPS approaches has 
emerged. Because of this uncertainty, no new installations of MLS are planned for the 
U.S. Internationally, however, the use of MLS may continue to increase until an acceptable 
alternative becomes available. 


SUMMARY CHECKLIST 


v ILS approaches are classified as Category I, Category II, or Category III. 


V The ILS localizer transmitter emits a navigational array from the far end of the 
runway to provide you with information regarding your alignment with the 
runway centerline. 


V When using a basic VOR indicator, normal sensing occurs inbound on the front 
course and outbound on the back course. Reverse sensing occurs inbound on the 
back course and outbound on the front course. 


vV You can avoid reverse sensing when using an HSI by setting the published front 
course under the course index. This applies regardless of your direction of travel, 
whether inbound or outbound on either the front or back course. 


V The glide slope signal provides vertical navigation information for descent to the 
lowest authorized decision height for the associated approach procedure. The glide 
slope may not be reliable below decision height. 


/ Full-scale deviation of the glide slope needle is 0.7° above or below the center of 
the glide slope beam. 


/Y Usually, an ILS includes an outer marker (OM) and middle marker (MM). An inner 
marker (IM) is installed at locations where Category II and II ILS operations have 
been certified. 


V When a compass locator is installed in conjunction with the outer marker, it is 
called an outer compass locator (LOM). When a compass locator is collocated with 
the middle marker, it is referred to as a middle compass locator (LMM). 


/ The glide slope centerline normally intersects the middle marker approximately 
200 feet above the touchdown zone. 


/ When the aircraft passes through the signal array of a marker beacon, a colored 
light flashes on the marker beacon receiver and a Morse code identification sounds. 


/ Certain approach and runway lighting configurations can qualify precision 
approaches for lower minimums. 


/ Higher landing minimums may be required if some components of an ILS are 
inoperative. If more than one component is not available for use, you should adjust 
the minimums by applying only the greatest increase in altitude and/or visibility 
required by the failure of a single component. 


/ Ifthe glide slope is inoperative or fails during your approach, the localizer (GS out) 
minimums apply. In this case, you may continue the approach to the applicable 
MDA. 
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y Prior to intercepting the ILS glide slope, you should concentrate on stabilizing 
airspeed and altitude while establishing a magnetic heading which will maintain 
the aircraft on the localizer centerline. Once your descent rate stabilizes, use power 
as needed to maintain a constant approach speed. 


/ The rate of descent you must maintain to stay on glide slope must decrease if your 
groundspeed decreases, and vice versa. 


/ Since localizer and glide slope indications become more sensitive as you get closer 
to the runway, you should strive to fly an ILS approach so that you do not need 
heading corrections greater than 2° after you have passed the outer marker. 


/Y On an ILS approach, you must execute a missed approach if you have not 
established the required visual references at the DH. 


V When advised to change to advisory frequency, you should broadcast your 
intentions on CTAF, including the type of approach being executed, your position 
when over the FAF inbound (nonprecision approach) or when over the outer 
marker or fix used in lieu of the outer marker (precision approach) inbound. 


V The procedures you use to fly an ILS/DME approach are essentially the same as any 
other ILS approach except for the requirement to identify approach fixes using 
DME. 


y Parallel (dependent) ILS approach operations may be conducted on parallel 
runways with centerlines at least 2,500 feet apart. Simultaneous (independent) 
parallel ILS approaches may be conducted to airports with parallel runway 
centerlines separated by 4,300 to 9,000 feet. When certain requirements are met, 
including the installation of a precision runway monitor, simultaneous close 
parallel ILS approach procedures may be established at airports with parallel 
runway centerlines less than 4,300 feet apart. 


Y You will be informed by ATC or through the ATIS broadcast if parallel approaches 
are in progress. 


Y Reverse sensing will occur on a back course localizer inbound when you are using 
a basic VOR indicator. 


vV A localizer-type directional aid (LDA) is an approach system which uses a localizer 
course that is not aligned with the runway centerline. If the final approach course 
is aligned to within 30° of the runway centerline, straight-in landing minimums 
may be available. 


V A simplified directional facility (SDF) course is fixed at either 6° or 12° wide. Since 
most SDF courses are aligned within 3° of the runway bearing, SDF approaches are 
typically published with straight-in minimums. 


Y The microwave landing system (MLS) offers a precision approach alternative to 
airports where interference from obstacles and/or high power FM stations makes 
the installation of ILS difficult or impossible. 


KEY TERMS 


Instrument Landing System (ILS) ILS Marker Beacon 
Localizer Outer Marker (OM) 
Glide Slope Middle Marker (MM) 
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SECTION B_ 


Inner Marker (IM) Simultaneous Converging 
Instrument Approach 
Marker Beacon Receiver 
Localizer Approach 
Compass Locator 
Localizer Back Course Approach 
Parallel (Dependent) ILS Approach 
Localizer-Type Directional Aid 
Simultaneous (Independent) Parallel (LDA) 
ILS Approach 
Simplified Directional Facility (SDF) 
Precision Runway Monitor (PRM) 
Microwave Landing System (MLS) 
Simultaneous Close Parallel ILS 
Approach 


QUESTIONS 


1. What are the normal minimums for a CAT I ILS approach with all components 
operative? 


A. RVR 2400 and a DH of 200 feet MSL 
B. RVR 2400 and a DH of 400 feet AGL 
C. RVR 2400 and a DH of 200 feet AGL 


2. What is the full-scale deflection of a CDI when tuned to a localizer? 


A. 5° either side of course 
B. 10° either side of course 
C. 2.5° either side of course 


3. Refer to the accompanying illustration to match each navigation indicator with 
the appropriate aircraft positions. More than one aircraft position may apply to 
each CDI. 
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4. Refer to the accompanying illustration to match each navigation indicator with 
the appropriate aircraft positions. More than one aircraft position may apply to 


each HSI. 
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5. If you are 1.9 nautical miles from the runway and your VOR indicator matches the 
display shown, how many feet are you displaced from the localizer centerline and 


the glide slope? 


6. If your airspeed is too high but you are on course and on glide slope, should you 
initially adjust pitch or power? 


ILS APPROACHES SECTION B > 
35 a 


Refer to the ILS Rwy 17R approach to Will Rogers World Airport, Oklahoma City, 
Oklahoma to answer questions 7 through 10. 
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7. When established on the localizer, IOKC, how can you identify BEHAN 
Intersection? 


8. If you are on glide slope at the LOM, what altitude should your altimeter display? 


A. 2,607 feet 
B. 2,700 feet 
C. 4,000 feet 


9. Ifthe glide slope flag appears in your CDI after passing Tuloo, what is the minimum 
altitude to which you can descend? How can you identify the MAP? 


10. What are the three ways you can identify JESKE? While executing the missed 
approach, what type of entry into the published holding pattern can you expect? 
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Refer to the LOC BC RWY 35L approach to Will Rogers World Airport, Oklahoma City, 
Oklahoma to answer questions 11 through 14. 


Amdii08 103 OKLAHOMA CITYAVILL ROGERS WORLD (OKC) 
OKLAHOMA CITY, OKLAHOMA 


LOC BC RWY 35L AL-201 (FAA) 


BACK COURSE 
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OKLAHOMA CITY, OKLAHOMA 
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11. What magnetic course should you fly from IRW VORTAC to the IAF? 


i. 085: 
B. 1702 
C 1733 


12. If you do not have DME, how can you identify the FAF when on the localizer? 


13. If you are inbound on the back course ILS approach and 
have the HSI indication shown in the accompanying 
illustration, which way should you turn to return to 
localizer centerline? 


14. True/False. Immediately after executing a missed 
approach from the MDA, you should initiate a climbing = eE Ht 
left turn to 3,000 feet MSL. 


15. What are the course widths associated with an LDA and 
SDF, respectively? 
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GPS AND RNAV 
APPROACHES 


Instrument approaches based on area navigation (RNAV) systems are becoming 
increasingly popular for many reasons, including the ability to improve IFR accessibility 
to airports and offer better situational awareness for pilots. One type of area navigation 
system uses VOR/DME, VORTAC, or TACAN facilities to establish RNAV approach 
procedures. These types of procedures, which are collectively identified on approach 
charts as VOR/DME RNAV approaches, offer greater design flexibility over non-RNAV 
approaches since the routes do not have to pass directly over ground-based navaids. 
Another type of approach procedure, based on the satellite-based global positioning 
system (GPS), provides even greater versatility. Through the use of GPS, nonprecision 
approach capability can be added to smaller airports without the need to invest in 
ground-based navigation equipment. 


The fundamental procedures involved in flying GPS or VOR/DME RNAV approaches are 
similar to those you use for other nonprecision approaches. However, due to the 
complexity of the associated navigation equipment, you should not attempt a GPS or 
VOR/DME RNAV approach unless you having a thorough working knowledge of the 
system(s) installed in your aircraft. Most of the following information is procedurally 
oriented. Prior to reading this section, you may want to review the introductory discussion 
regarding GPS and VOR/DME RNAV navigation contained in Chapter 2, Section C — 
Instrument Navigation. 
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Transitions from the enroute to the terminal environment have traditionally been 
restricted to specific ground tracks based on the limitations of ground-based navaids. 
The proliferation of area navigation systems has led to the development of a standardized 
approach segment configuration known as the Basic T. [Figure 8-39] 
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obstructions or airspace. 
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GPS APPROACHES 


There are two major categories of GPS approaches — overlay and stand alone. Properly 
installed and certified GPS equipment can be used to fly many nonprecision approaches 
based on conventional navaids, with the exception of those using localizers (LOC), 
localizer-type directional aids (LDA), and simplified directional facilities (SDF). 


NONPRECISION APPROACHES 


The utilization of GPS to fly existing procedures is made possible by the GPS overlay 
program. The program was implemented by the FAA to accelerate the adoption of GPS 
in approach applications. The GPS overlay program made it possible to offer a large 
number of GPS approaches without the time consuming and expensive process of creating, 
test flying, and charting a library of new approaches. When the FAA declared GPS 
operational for civil operations in February 1994, Phase I of the GPS overlay program 
ended and Phase II began. Phase II of the overlay program uses existing approach charts, 
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and requires the underlying ground navaids and associated aircraft navigation 
equipment to be operational, but not monitored during the approach as long as the GPS 
meets RAIM accuracy requirements. Phase III of the GPS overlay program, which now 
runs concurrently with Phase II, eliminates the requirement for conventional navigation 
equipment to be operational during the approach, although that equipment is required 
for other portions of IFR fiight. Phase III approach charts incorporate additional 


information for GPS navigation and can usually can be identified by the words “or GPS” 
in the approach title. [Figure 8-40] 
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Some Phase III approach charts published by Jeppesen may not include “or GPS” in the 
title until the next major revision. If a procedure appears in the GPS electronic database 
and the printed Jeppesen chart does not include the words “or GPS” in the title, you can 
determine if the approach falls under Phase II or Phase III requirements by referring to 
the Phase III listing beginning on Terminal page US-1 in the Jeppesen coverage. If the 
approach title does not appear in the listing, you can assume it is a Phase II approach and 
that the associated equipment requirements apply. 
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A GPS stand alone approach is designed 
solely for GPS and offers more efficient 
routing than is possible with some ground- 
based navaids. To capitalize on the unique 
capabilities of GPS, stand alone procedures 
use the Basic T structure where possible. 
[Figure 8-41] 


You are not required to monitor or have 
conventional navigation equipment for 
stand alone GPS approaches. However, you 
still must have conventional navigation 
equipment aboard your aircraft as a backup 
for enroute navigation, and to fly to an 
alternate airport if it becomes necessary. 
While you can conduct an approach to an 
alternate airport using GPS, you must have 
the capability of conducting the approach 
using conventional equipment in the event 
GPS reliability becomes an issue. 
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Figure 8-41. You will see very few, if any, references to tra- 
ditional navaids on a GPS stand alone approach. 


PRECISION APPROACHES 


Without additional ground equipment, standard GPS does not provide the vertical accu- 
racy necessary for precision approaches. The FAA is investigating a wide area 
augmentation system (WAAS) that could provide precision GPS navigation over a large 
area with relatively few ground facilities. Such a system could bring precision approach 
capability to any airport where terrain and other operational considerations permit such 
procedures, without the need to equip these airports with an ILS or other costly equipment. 


GPS EQUIPMENT 
REQUIREMENTS 


Before you can use a GPS receiver as a sole source of navigation for a nonprecision GPS 
approach, you must make sure that both the receiver and the way it is installed in the 
aircraft meet FAA requirements. The GPS must 


be approved in accordance with Technical 
Standard Order (TSO) C-129 and must be 
installed in accordance with AC 20-138, which 
provides guidance for airworthiness approval 
of GPS equipment. You can determine the 
allowable uses for a GPS installation by refer- 
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ring to the supplements section of the Airplane Flight Manual (AFM). You cannot use 
handheld GPS receivers for IFR flight. 


RECEIVER AUTONOMOUS INTEGRITY 
MONITORING (RAIM) 


A GPS receiver continuously monitors the reliability of the GPS signal using a system 
known as receiver autonomous integrity monitoring (RAIM). Although basic GPS 
positioning is almost always available worldwide, the satellite measurement redundancy 
necessary to ensure integrity of the GPS position is neither worldwide nor continuous. 
This means you may only find four satellites the required angle above the horizon (the 
mask angle) at certain times and locations. While this is enough to triangulate your position, 
it does not provide the extra satellite you need for integrity monitoring. 


In addition to real-time integrity monitoring, IFR-certified GPS receivers can also predict 
RAIM availability at the intended location and time of the approach. The receivers 
make this prediction based on the satellites that are functioning at the time you 
request the prediction. GPS NOTAMs, available from AFSSs or DUATS, also contain 
information on scheduled satellite outages. If a scheduled outage will make one of 
the currently functioning satellites unavailable at your ETA, you should program your 
receiver to exclude that satellite from the RAIM prediction. In practice, the easiest 
and most reliable way to ensure you will have RAIM for the approach at your ETA is 
to specifically request GPS RAIM availability information from your FSS weather 
briefer. If flying a published GPS departure, you should also request a RAIM prediction 
for the departure airport. 


| See Your Satellite System and Raise You One 


Did you know that GPS is not the only satellite-based positioning system? It’s true. The Russian Federation has a 
navigation satellite system similar to the U.S. GPS system. The Russian system is called GLONASS which stands 
for Global Navigation Satellite System. GPS and GLONASS are alike in many ways, from the number of spacecraft to the radio 
frequency bands used. Although both systems operate on the same principles, there are significant differences in some of the 
details. For example, the GLONASS system provides somewhat higher autonomous positioning accuracy than GPS (60 
meters for GLONASS vs. 100 meters for GPS), primarily due to the intentional degradation of the GPS signal. 


In an effort to get the best of both worlds, some avionics manufacturers offer integrated GPS+GLONASS receivers that can 
use signals from both systems. Although positional accuracy can be somewhat improved when you receive more satellites, 
airborne units do not benefit much from using both systems, since either constellation usually allows plenty of satellites to be 
in view at a given time. The integrated systems are most valuable in areas where satellite signals are blocked from large parts 
of the sky, such as in mountainous regions. 


Although dual-use avionics can help, both positioning systems are still under independent military command and control. To 
avoid unexpected service interruptions, the ideal may be to create a truly global system under the control of one agency. In 
pursuit of this end, the European Commission is actively hammering out the details of an integrated system using GPS, 
GLONASS, and the ground-based augmentation and monitoring elements of both systems. This future system, known 

as GNSS (Global Navigation Satellite System) will be under international civilian control and will be dedicated to providing 
position information for aviation, maritime, highway, railroad, and surveying applications. 
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EXTERNAL ANNUNCIATORS AND 
COURSE DEVIATION INDICATORS 


An IFR approved GPS installation requires that essential annunciators and a CDI display 
be located in the pilot’s primary field of view. Generally, this means the system must be 
able to display course deviation indications on a conventional VOR or HSI display 
separate from the receiver’s built-in display. Most installations have the ability to switch 
the primary navigation display between a VOR and GPS receiver. An annunciator is 
required to be installed on a switchable display to indicate when the GPS is selected. It 
is essential that you verify the VOR indicator or HSI is switched to the proper navigation 
system before beginning your approach. External annunciator lights are also used 
to advise of GPS receiver messages, waypoint passage, approach mode enabled, and 
waypoint hold. [Figure 8-42] 


I Apnunciators VOR/GPS Indicator 
> 4 Figure 8-42. Before a 


NAV GPS , , 
x GPS installation can 
K 


; be approved for IFR 

7 "E P approaches, it normally 
must be connected to 
the altimeter, to external 
annunciator lights, and 
to an external VOR or 
HSI display. 


THE NAVIGATION 
DATABASE 


A GPS receiver that is approved for IFR operations must have a navigation database that 
can be updated. You are not allowed to edit this database, although a receiver can allow 
you to add user-defined waypoints. The waypoints, fixes, and station identifiers used for 
GPS navigation are loaded into the receiver, usually by means of a magnetic card 
containing the information. The database is updated on a regular basis, and the GPS 
receiver is required to have current data before it is used for IFR navigation. 


If an IAF or other fix has a pronounceable five-letter name, that name is used on the chart 
and in the database. DME fixes are typically given a five-character identifier which 
consists of the letter D, a radial, and an alphabet letter which corresponds to the DME 
from the station. For example, the IAF waypoint D271H is a DME fix on the 271° radial 
at 8 DME, since H is the eighth letter of the alphabet. Some DME fixes at a greater 
distance from the station may be coded with two letters from the VOR identifier followed 
by the radial, such as AX141. 


When a waypoint is at a navaid, it is coded using the navaid identifier. When a MAP is 
based on timing or a DME distance, a missed approach waypoint (MAWP) is coded and 
added to the database. The identifier usually consists of either RW followed by the 


runway number, or, if the MAP is not at the runway threshold, MA followed by the final 
approach course. 


Another type of coded waypoint which appears on some Jeppesen GPS approach charts 
is the sensor final approach waypoint. The GPS unit needs this waypoint in its database 
so that it can switch to +0.3 nautical mile CDI sensitivity at the proper point in the 
approach. The sensor waypoint is included on approaches that do not have a final 
approach fix defined and usable as the final approach waypoint (FAWP). An example is 
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a VOR approach where the MAP is ata ~ 
VOR located on an airport. If a stepdown 
fix exists and is greater than 2 nautical 
miles to the MAP, the stepdown fix is 
coded in the database as the FAWP. - 
Otherwise, a sensor FAWP is added at 
least 4 nautical miles from the MAP. lela 
Although sensor FAWPs are coded into d 
the database, they do not appear on 
Phase II or Phase III NOS charts. They are ; EAN 
shown on Jeppesen charts which have i 
been updated for GPS. [Figure 8-43] 
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Figure 8-43. This approach procedure does not have a 
final approach fix. The sensor FAWP (FF11) has been 
added 4 nautical miles from the missed approach point. 
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SPECIAL GPS NAVIGATION 
CONSIDERATIONS 


Although using GPS can be an efficient and easy alternative for IFR flight, there are many 
unique characteristics of GPS navigation with which you should be familiar. In most 
cases, a complete understanding of the procedures outlined in your GPS operating manual 
should allow you to maintain situational awareness throughout your IFR flights. 


JEPPESEN smar GT) PORTLAND, OREG $ DISTANCE 

cans 127.65 2 -HILLSBORO $ 

rm rma 126:0 VOR DME or GPS-A INFORMATION 
HILLSBORO Tower CTAF 149.3 vor 117.4 UBG i 

meee Bact i ae When flying an overlay approach 


with GPS, you frequently must 


|e es, interpret distance information 
m D10,9 ji differently than when using con- 
epen | A į ventional navigation equipment 

A to identify certain fixes. Since 


GPS normally displays distance 
TO the next waypoint, GPS dis- 
tances may be different numbers 
= ae te : Ha than DME distances. [Figure 8-44] 


—) NEWBERG- 
a 117.4 wo) 


re 


D D6.0 
[FFS46) 


win Oaks 


Starks 
eg 


Figure 8-44. On this approach, the FAF is 
at 6.0 DME from Newburg VORTAC, and 
the MAP is at 10.9 DME. fn this example, 
2009 Approach Plus the GPS unit displays distance and time 

~ l TO the next GPS waypoint, the MAWP, as 
2.9 nautical miles. At the same position on 
the approach, a DME unit would indicate a 
distance of 8.0 nautical miles from the 
Newberg VORTAC. 
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At times, you may notice a disparity between the distance displayed on your GPS receiver 
versus the distance published on the accompanying procedure. This occurs because 
GPS uses a straight line, or along track distance (ATD), between waypoints while the DME 
data published on instrument charts is based on slant range to the respective station. The 
difference between ATD and DME will vary depending on your altitude as well as your 
proximity to the navaid. 


HEADING INFORMATION 

When flying a GPS overlay procedure or along an airway, you may notice a small variance 
between the heading information published on the instrument chart and your GPS display. 
While the charted magnetic tracks defined by a VOR radial are determined by the application 
of magnetic variation at the VOR, GPS computers usually use an algorithm to apply 
magnetic variation at the current position. Although this process can produce small 
differences between GPS displayed data and charted information, both operations should 
produce the same ground track. 


WAYPOINT SEQUENCING 


Normal operation of the GPS unit is referred to as TO-TO navigation. The navigation 
indications are similar to flying a localizer in that you receive guidance TO the next point in 
your flight plan. There are certain occasions when you need to navigate a specific course 
away from a waypoint, such as when flying a procedure turn. To allow for this situation, GPS 
receivers incorporate a hold mode. When passing a waypoint in hold mode, the 
external VOR indicator changes from TO to FROM, and the GPS does not autosequence to the 
next waypoint. Some built-in digital displays will continue to show the bearing TO the 
waypoint. This bearing will change 180° as you pass the waypoint. 


Errors in operating the GPS receiver are especially critical during approaches. In some cases, 
an incorrect entry can cause the receiver to leave the approach mode. If this occurs after the 
FAWP, you will have to execute a missed approach. For the most part, you should not touch 
your GPS unit between the final approach fix and the missed approach point. 


BANK ANGLE/TURN RATE 


To ensure smooth tracking of flight routes, it is important that you use the proper turn 
method whenever possible. The bank angle/turn rate you should use depends on how your 
GPS receiver calculates turn anticipation. To avoid greatly overshooting or undershooting 
approach legs, you should use the turn technique recommended in your GPS operating manual. 


RAIM FAILURE 


If your GPS receiver detects an integrity problem, you will generally be provided with one of 
two messages. One indicates that not enough satellites are available to provide RAIM 
integrity monitoring. The other type of message indicates that the RAIM integrity monitor 
has detected a potential error which exceeds tolerances for the current phase of flight. 
If RAIM is not available when you set up a 
GPS approach, you should use another type of 
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of i igation a oach system. If you receive a RAIM failure indication prior to 

bui the FAWP, you should not descend to MDA, but 

should proceed to the MAWP via the FAWP, 

perform a missed approach, and contact ATC as soon as practical. If a RAIM failure occurs 

after the FAWP, the GPS receiver is allowed to continue operating without an annunciation 

for up to 5 minutes to allow you to complete the approach. Once a RAIM failure message 
appears, however, you should immediately execute a missed approach. 
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MISSED APPROACH ROUTING 


You should also be aware that missed approach routings in which the first track is via a specific 
course rather than direct to the missed approach holding waypoint require additional 
actions to set the proper course. This is very important because if the missed approach 
procedure is not a direct course, flying from the MAP directly to the missed approach 
holding waypoint (MAHWP) may not provide sufficient obstacle clearance. You should 
always fly the full missed approach procedure as published on the approach chart. 


GPS OVERLAY APPROACH 


Since GPS overlay approaches are, by definition, based on preexisting approach procedures, 
the methods you use to fly a GPS overlay approach highly depends on the design of the 
underlying procedure. The limited amount of GPS related information published on the 
chart demands that you are thoroughly familiar with the operation of your GPS receiver and 
that you strive to maintain the highest degree of situational awareness. The following example 
assumes that you are approaching Escanaba VORTAC (ESC) at 5,000 feet MSL enroute 
to your destination, Delta County Airport, Escanaba, Michigan. For the purpose of this 
discussion, the scenario ends with a missed approach. The procedures on this and the other 
GPS approach example in this section are shown using a Trimble 2000 Approach Plus GPS 
Navigator. Keep in mind that 
the specific actions required to 
select and fly an approach can 
vary between different makes 
and models of GPS receivers. 
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Although a VOR receiver is not required 
to fly this GPS approach, it would be 
prudent to tune the Escanaba VORTAC 
for use in the event of a GPS failure. 


PREPARING 
PGR THE 


APPROACH 
As you fly toward ESC, you tune 
the AWOS-3 and find that the 
latest weather is reported to be 
800 broken, 2 miles visibility 
with the wind from 100° at 6 
knots. Since your aircraft is 
equipped with an approach 
certified GPS receiver, you plan 
on requesting the GPS RWY 9 
approach. [Figure 8-45] 
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Figure 8-45. During your chart 
review (see highlights) you look for 
anything which might be a factor 
while using GPS to fly the approach. 
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Your next step is to set your GPS receiver so you are ready to begin the approach when 
you arrive at the IAF. As you select the approach, make sure to choose the IAF at which 
you expect to begin the approach. Since there is only one IAF in this case, selecting the 
approach allows you to view the only routing available. [Figure 8-46] 
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Figure 8-46. Cycling through the waypoints shows you the sequence of waypoints from the IAF through the MAHWP. 


YOUR CLEARANCE 

About 15 miles from your destination, Minneapolis Center clears you for the approach: 
“Beech 653MC, descend and maintain 3,000. Cleared GPS Runway 9 approach to Delta 
County. Maintain 3,000 until established on the approach. Change to advisory frequency 
approved.” After receiving this clearance and announcing your intentions on CTAF, you 
should ensure the approach mode is activated. 
(This is sometimes referred to as arming the 
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i nautical miles of the airport reference point, the 
CDI sensitivity gradually begins to increase from 
+5.0 nautical miles to +1.0 nautical mile. This 
change in sensitivity occurs automatically once 


the approach mode is activated. 
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IAF OuTBOUND 


As you cross the IAF, the GPS receiver prompts you to turn to intercept the outbound 
course of 266°. At this point, acknowledge the message, start your turn, and begin a 
descent to the procedure turn minimum altitude of 2,200 feet MSL. With only 800 feet to 
lose, you should level off prior to beginning the procedure turn. 
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PROCEDURE TURN 


While outbound from the JAF, the GPS receiver prompts you to begin the procedure turn 
and indicates the outbound heading of 221°. Fly the procedure turn as you would on a 
standard VOR approach, referring to the GPS for guidance relative to the outbound 
course. At this time, you can complete the before 
landing checklist with the possible exception of 

the landing gear and/or flaps. 
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FINAL APPROACH COURSE 


Once inbound on the final approach course, the GPS receiver provides guidance to the 
2.7 DME stepdown fix, which acts as the FAWP on this approach. Once you are estab- 
lished on the inbound course, start a descent to 1,240 feet MSL and complete any 
remaining items on the before landing checklist. 
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At 2 nautical miles prior the FAWP, the GPS receiver performs a RAIM check. Since 
RAIM is available, the receiver is allowed to enter the approach mode and CDI sensitivity 
begins to smoothly increase to +0.3 nautical mile by the time you reach the FAWP. Since 
the GPS display provides an along track distance TO the waypoint, FF09, you expect to 
cross the FAWP when the distance on your GPS display reads 0.0, not 2.7. 
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After you pass the FAWP, the GPS 
display provides guidance to the 
MAP, ESC. At this point, begina «7 
descent to the MDA, 1,040 feet MSL, 
and continue to fly the approach as you 
would any other nonprecision approach. 
During this period, GPS autosequencing 
is disabled (in the hold mode). 


MISSED APPROACH 


As you reach the MAWP, you determine that while you can see the runway, you are not 
in a position to safely land on Runway 9 and therefore must execute the missed 
approach. You announce your intentions on CTAF and begin to fly the published missed 
approach procedure. Since the GPS receiver is in the hold mode, you must manually 
sequence to the first waypoint in the missed approach procedure. When you sequence to 
the MAHWP, the GPS receiver remains in the hold mode and provides course guidance 
to ESC. As you pass over , 


MISSED APPROACH 
Climb to 2400 then right turn 
direct ESC VORTAC and hold. 
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ESC, make a parallel holding pattern 
entry and input the published 
inbound course in the GPS receiver 
to receive guidance on the inbound 
leg of the holding pattern. 


GPS STAND 
ALONE APPROACH 


GPS stand alone approaches are designed specifically to take advantage of the strengths 
of area navigation. While obstacles and airspace considerations may preclude its use in 
some instances, the Basic T approach configuration, or a modification thereof, is 
commonly used for GPS stand alone approaches. A good example of a GPS stand alone 
approach which uses the Basic T is the GPS Rwy 9 approach to New Castle County 
Airport, Wilmington, Delaware. The following discussion assumes you are approaching 
New Castle from over the Modena VORTAC at 3,000 feet MSL. Again, for illustrative 
purposes, the example ends with a missed approach. 
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Figure 8-48. Before beginning a GPS approach, you should ensure that your GPS receiver displays the 


waypoints you expect to use during the approach. 


PREPARING FOR 
THE APPROACH 


As you approach your destination, you 
tune the ATIS and find that the latest 
reported weather is 600 broken, 1,000 
overcast, and 2 miles visibility in rain 
showers. The wind was reported to be 
090° at 6 knots. Since approaches to 
Runway 9 are in progress, you plan on 
requesting the GPS Rwy 9 approach from 
ATC. [Figure 8-47] 


Figure 8-47. In preparation for your arrival, 
you conduct a chart review. 


After examining the approach chart, you 
program your GPS receiver to provide 
guidance on the approach from ESTOO, 
the IAF which you anticipate using. In 
addition to routing from the Modena 
VORTAC, your GPS unit displays the 
waypoints you will need on the approach, 
including the MAHWP. [Figure 8-48] 
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YOUR GLEARANCE 

As you arrive over the Modena VORTAC, you receive clearance from Philadelphia 
Approach: “Mooney 66RM, descend and maintain 2,100 and proceed direct ESTOO. 
Cleared GPS Runway 9 approach to New 
Castle County. Contact Wilmington Tower iE 
on 126.0 at BATRE.” With clearance 
for the approach, make sure the GPS 
receiver's approach mode is activated 
(armed). 


DESCENT PRIOR TO THE IAF 
While flying from the Modena VORTAC to ESTOO, descend to 2,100 feet MSL. As you 
level off, complete the before landing checklist with the possible exception of the landing 
gear and/or flaps. 


MODENA VOR 


JEPPESEN 


Trimble —————________—. 2000 Approach Plus 


INBOUND TO THE FAF 


As you approach ESTOO, the GPS display prompts you to turn and fly to AWINN. 
Enroute to AWINN descend 100 feet to 2,000 feet MSL, the minimum altitude for this leg 
of the approach. Just prior to reaching AWINN, you are prompted again to begin a turn. 
As you fly toward the FAWP, BATRE, begin a descent to 1,600 feet MSL. After you level 
off, complete any remaining items on your j 


before landing checklist. JEPPESEN 


2000. Approach Pius 


Trimble == 2000 Approach Pius 
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FINAL APPROACH COURSE 


As you cross BATRE, start to descend to the MDA(H) and contact Wilmington Tower: 
“Wilmington Tower, Mooney 66RM, BATRE inbound on the GPS Runway 9 approach.” 
As expected, the tower clears you for landing on Runway 9, confirming that you should 
continue your descent to the straight-in MDA(H) of 520’(440’). Continue inbound and 
periodically scan ahead for the runway 
environment to come into view. : ss : Puse & 


JEPPESEN 


— 2000 Approach Plus 


MISSED APPROACH 


Since you do not have the runway environment in sight at the MAWP, RW09, you 
execute a missed approach by starting a climbing right turn to 2,000 feet MSL. Since 
your GPS receiver automatically switched to the hold mode after BATRE, you must 
manually sequence to the MAHWP, OOD. Once you do so, the GPS display provides 
guidance to the MAHWP. Use a parallel entry into the published holding pattern and set 
the inbound holding course, 032°, in the GPS unit to receive navigation guidance 
inbound to the MAHWP. 


MISSED APCH: Climbing RIGHT turn to 2000’ direct OOD VOR 
and hold. m= : 


MISSED APCH FIX 
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ly ___norroscae ff 


h roze 80’ 


ME a T} ae @ 


ODALS z 
= | 2000’ OOD 
PAPI + D = i 
all Pee} i 


RADAR VECTORS TO A 
GPS APPROACH 


When you receive radar vectors to final, you generally will have to manually sequence 
ahead and select the leg to which you are being vectored. In accordance with TSO C-129, 
you can usually choose any leg of an approach to intercept except for the FAWP to 
MAWP leg. GPS receivers are also programmed to reject any requests to proceed direct to 
the MAWP. 


=. 2000 ‘Approach Pius 


If you receive vectors to the final approach course, some GPS manufacturers recommend 
that you place the receiver in the nonsequencing mode on the FAWP and manually set 
the course to intercept. Since this technique provides an extended final approach course, 
you should ensure that you are on a published portion of the approach before beginning 


any descents, unless otherwise authorized by ATC. To avoid confusion, it is also ane 


ri 
83 
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advisable to avoid accepting or requesting radar vectors which will cause you to inter- 
cept the final approach course within 2 nautical miles of the FAWP. Ii you altanini to 
intercept the final approach course while the CDI sensitivity 1s increasing to +0.3 nauti- 
cal mile, the CDI may be moving further away from center even though you are getting 


closer to the final approach course 


GPS Satellite Anatomy 101 


Have you ever wondered about the GPS satellites themselves? What do they look like? How big are they? How do 
they work? Well, there have been several different types of GPS spacecraft since the original NAVSTAR (Navigation 


i 
E 


System with Timing and Ranging) launch in 1978. The first 10 satellites in orbit were the Block 1 spacecraft, built by Rockwell 
Space Systems and weighing 945 pounds each. All of them have since worn out, but they averaged almost eight years each in 
service. The majority of the current GPS constellation is made up of Rockwell’s newer Block 2 and Block 2A spacecraft [see photo] 
which were launched from 1989 through 1996. The next series of satellites is the Block 2R model produced by Lockheed Martin 
and scheduled to continue entering service through approximately 2002. The follow-on generation of GPS satellites, Block 2F 
spacecraft, will be constructed by Boeing with an inaugural launch scheduled for 2001. 


Each spacecraft is basically a box-shaped central structure with large solar panels on 
each side to provide electrical power. On Block 2R spacecraft, the solar paneis span 
more than 30 feet and provide about 1,136 watts of electrical power. The satellite is 
stabilized in all 3 axes so it always points straight down. Attitude is maintained by elec- , 
trically actuated reaction wheels. Driving the reaction wheel in one direction causes 5 
the spacecraft to rotate in the opposite direction. By arranging three reaction wheels x 
to correspond to the 3 axes of rotation, the spacecraft can be kept in any desired atti- 
tude. A system of hydrazine propulsion thrusters are also used 

to make changes in orbital position of the spacecraft. 


As you know, timing is at the heart of the GPS concept, so each satellite has four atomic clocks on board, two rubidium clocks 
and two cesium clocks. The accurate time signals are of no use if they are not broadcast to your receiver, so each spacecraft 
has an array of 12 L-band antennas for the downlink transmitters. The spacecraft use S-band radios to communicate with ground 


controllers, and UHF to communicate with each other. The satellites also carry nuclear detonation detectors, and are protected 
from laser and nuclear radiation. They are military spacecraft, after all. 
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VOR/DME RNAV 


RNAV based on VOR-DME is a proven system that has provided IFR approach capability 
for many years. Although GPS may replace RNAV in new equipment installations, there 


is a good probability that an aircraft you will fly will be equipped with a VOR/DME 
RNAV system. 


OPERATING PRINCIPLES 


The heart of a VOR/DME RNAV system is a computer that can determine position based 
on nearby VORTACs. The computer handles the geometric calculations necessary for 
accurate navigation on straight line courses not directly to or from ground facilities. 


Many jet aircraft utilize flight management systems (FMS) based on VOR/DME RNAV. 
These systems contain navigation databases and can be programmed for point-to-point 
enroute and approach operations similar to GPS receivers. The RNAV system you are 
likely to see in light general aviation airplanes, however, consists of a comparatively simple 
course line computer (CLC) in which you can program a small number of waypoints 
based on azimuth and distance from VORTACs. 
These waypoints are called phantom VORs, 

which you navigate to and from like you 

would using actual VORs. [Figure 8-49]. 


One difference between RNAV CDI 
indications and conventional VOR 
navigation indications is that an 
RNAV CDI indicates absolute 
deviation in nautical miles 
pore rather than angular deviation 
S from course. VOR/DME RNAV 
sensitivity is not as well-defined 
ie as it is for GPS; each dot on the 
horizontal scale may have any 
value, such as 0.5, 1, 2, or 10 
nautical miles. 


Waypoint 1 
VOR Route 
“XN 


Figure 8-49. On a VOR/DME RNAV system, you 
program the offset angle and distance of phantom 
VORs, or waypoints, with respect to actual VORTACs. 
You navigate between the phantom VORs as if they 
were actual ground facilities. 


VOR/DME RNAV APPROACHES 

Many VOR/DME RNAV approaches have been overlaid with GPS data. In other cases, 
stand alone GPS approaches have been published in addition to the VOR/DME RNAV 
procedure. Since GPS is another type of RNAV system, there is great similarity between 
the procedures. Older charts referred to VOR/DME RNAV procedures simply as RNAV 
approaches. To differentiate this type of RNAV system from GPS and others, updated 
charts include the words “VOR/DME RNAV”. [Figure 8-50] 
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AUGUSTA/ DANIEL FIELD (DNL) 
VOR/DME RNAV RWY 11 AUGUSTA, GEORGIA 

Figure 8-50. The waypoints on this x m AN AUGUSTA APP CON* 

VOR/DME RNAV approach are defined by 4 ey jie ams macom 129.8 


a bearing and distance from a VOR, as you 
wouid need to program them into a course 
line computer. Latitude and longitude a f 
information also is included for each [i X A 
waypoint. All VOR/DME RNAV procedures yy 
require at least two waypoints; some 
require six or more waypoints. 


ASOS 135.275 


into the CLC before beginning 
M this approach. 


IAF 
WINCE 
N33°30.0% W82°12.05' 
113.9 UREE 12.5 
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i VOR/DME RNAV approaches use holding 
patterns, rather than procedure turns, for 
_ course reversal. 


(FAF) 
5 NM from MAP WPT A 
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113.9 RQ 161.7°-15.4 
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MISTY 


MISSED APPROACH 
Climbing left turn to 2500 
direct IRQ VORTAC and hold. 


———X—«_— ee 4NM 

i If you have a vertical guidance iad 
i computer, programming a 2.88° 2500 
glide path guides you from the 
5.0 nautical mile fix at 2,000 
feet MSL, to the MDA at 2.0 
_ nautical miles from the MAP. 


Use Augusta altimeter setting. 
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= r man ps a l Once the CLC is programmed and you are 

~ « <4 g i 1 ag ae 
Waypoi ts are pre determined geographical cleared for the approach shown in figure 

a ed RNAV r utes 7 8-50, you would proceed to WINCE, 


eras a marked with nce reverse course and begin a descent, if 
c i l 


Vi necessary, then intercept and track the 
il 


T on approa j charts. 3 exampl ve 
figure 8-50, which a 193° a d125 i al 107° final approach course. When passing 


the refere ce facility, Colliers VOR xe number of WINCE inbound, you can descend to 
points re uted to fly a VOR/DME RNAV approach 2,000 feet MSL. At 5.0 nautical miles 
vais wih e procedure, but Ùs always at least iwo. 2 prior to the MAP you can descend to 
í - the MDA, 1,100 feet MSL, and continue 


tracking the 107° course to the MAP, 
When you reach the MAP, your VOR TO/FROM indicator changes. If you do not have the 


runway in sight at this point, you should commence the missed approach procedure to 
Colliers VORTAC. 


Some RNAV systems incorporate a vertical guidance feature in addition to normal 
azimuth/distance guidance. With vertical guidance equipment, you can select a way- 
point not only at a designated surface location, but also at a desired altitude. The 
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equipment provides horizontal and vertical 
guidance to navigate to that point in space. 
VOR/DME RNAV approach charts provide 
the final approach angle for equipment with vertical navigation capability. Vertical 
guidance capability is not a requirement for standard VOR/DME RNAV approaches. 


SUMMARY CHECKLIST 


vV Phase II of the overlay program uses existing approach charts, and requires the 
underlying ground navaids and associated aircraft navigation equipment to be 
operational, but not monitored during the approach as long as the GPS meets RAIM 
accuracy requirements. Phase II of the GPS overlay program eliminates the 
requirement for conventional navigation equipment to be operational during the 
approach to your destination airport. 


vy You are not required to monitor or have conventional navigation equipment for 
stand alone GPS approaches to your destination airport. 


v You must have conventional navigation equipment aboard your aircraft as a 
backup for enroute navigation, and to fly to an alternate airport if it becomes 
necessary. While you can conduct an approach to an alternate airport using GPS, 
you must have the capability of conducting the approach using conventional 
equipment. 


/Y You can determine the allowable uses for the GPS installation by referring to the 
supplements section of the Airplane Flight Manual (AFM). 


V The GPS continuously monitors the reliability of the GPS signal using a system 
known as receiver autonomous integrity monitoring (RAIM). 


/ Your GPS receiver is required to have current data before it is used for IFR navigation. 


/Y A sensor waypoint is included on approaches that do not have a final approach fix 
defined and usable as the FAWP. 


Y You may need to compute the along track distance (ATD) to stepdown fixes and 
other points due to the receiver showing ATD to the waypoint rather than DME 
from the VOR or other ground station. 


/ There may be a variance between the distance displayed on your GPS receiver and 
the distance published on the accompanying procedure. This occurs because GPS 
uses a straight line ATD between waypoints while the DME data published on 
instrument charts is based on slant range to the respective station. The difference 
between ATD and DME will vary depending on your altitude as well as your 
proximity to the navaid. 
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/ While the charted magnetic tracks defined by a VOR radial are determined by the 


application of magnetic variation at the VOR, GPS computers usually use an 
algorithm to apply magnetic variation at the current position. Although this 
process can produce small differences between GPS displayed data and charted 
information, both operations should produce the same ground track. 


Normal operation of the GPS unit is referred to as TO-TO navigation. However, 
when passing a waypoint in hold mode, the external VOR indicator changes from 
TO to FROM, and the GPS does not autosequence to the next waypoint. 


Flying from the MAP directly to the MAHWP may not provide sufficient obstacle 
clearance. You should always fly the full missed approach procedure as published 
on the approach chart. 


When you receive radar vectors to final you generally will have to manually 
sequence ahead and select the leg to which you are being vectored. You should 
avoid accepting or requesting radar vectors which will cause you to intercept the 
final approach course within 2 nautical miles of the FAWP. 


On a VOR/DME RNAV system, you program the offset angle and distance of 
phantom VORs, or waypoints, with respect to actual VORTACs. 


An RNAV CDI indicates absolute deviation in nautical miles, rather than angular 
deviation from course. 


All VOR/DME RNAV procedures require at least two waypoints; some require six 
or more waypoints. 


VOR/DME RNAV approach charts provide the final approach angle for equipment 
with vertical navigation capability. 


KEY TERMS 


GPS Overlay Program Sensor Final Approach Waypoint 
GPS Stand Alone Approaches Final Approach Waypoint (FAWP) 
Navigation Database Along Track Distance (ATD) 

Missed Approach Waypoint Missed Approach Holding Waypoint 
(MAWP) (MAHWP) 


QUESTIONS 


1. Which operation requires conventional navigation equipment (VOR, localizer, 


or NDB) be installed in the aircraft and that the appropriate ground facilities 
operational? 


A. Stand alone GPS approach 
B. Phase III overlay approach 
C. Stand alone GPS approach to an alternate airport 


. True/False. Although conventional navigation equipment is not required as a 


backup on certain approach procedures, it is required during other phases of flight. 


. True/False. FAA regulations require monitoring of conventional navigation 


equipment during GPS operations in approach mode on the final segment of a 
Phase II approach. 
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4. How can you determine if a GPS receiver is approved for IFR enroute and approach 
operations? 


5. True/False. If GPS navigation data is out of date, you can still conduct a GPS 
approach in IFR conditions if you manually enter the waypoints from a current 
approach chart. 


6. What is along track distance (ATD)? 


A. The slant range distance to a waypoint 
B. The straight line distance to a waypoint 
C. The difference between GPS and DME distance measurements 


7. What is the normal purpose of the hold mode on a GPS receiver? 


A. To provide TO-TO navigation 
B. To provide TO-FROM navigation 
C. To save frequently used flight plans 


Refer to the VOR/DME RNAV or GPS RWY 23 approach to Buffalo Niagara 
International Airport, Buffalo, New York to answer questions 8-13. 
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True/False. If you fly the approach using GPS, you must program the locations of 
TRAVA, BERKI, MOOLA, and WELLA in your GPS receiver. 


What is the minimum altitude for the course reversal? 


A. 2,000 feet MSL 
B. 3,000 feet MSL 
C. 3,500 feet MSL 


Select the true statement regarding the approach segment beginning at BIZON. 
A. BIZON is included in the GPS database. 
B. Since BIZON is an IAF, you can proceed direct to TRAVA or BERKI. 


C. You do not have to execute the course reversal upon arrival at TRAVA. 


When using GPS for the approach, when can you expect CDI sensitivity to begin to 
increase to +0.3 nautical mile? 


What is the final approach angle you should use for VOR/DME RNAV equipment 
capable of vertical navigation? 


True/False. When executing the missed approach from the MDA, you should fly 
the direct route from MOOLA to WELLA as shown on your GPS receiver. 


What is the difference between the CDI sensitivity of GPS and conventional 
non-RNAV VOR indicators? 


What is the minimum number of waypoints that can be used in the design of a 
VOR/DME RNAV approach? 
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PART Ill 


AVIATION WEATHER 
AND IFR FLIGHT 
LIPERATIONS 

Iwer bothers a pilot only in a few basic ways. It prevents him from seeing; it 
bouneés him around to the extent that it may be difficult to keep the airplane under 


control and in one piece; and by ice, wind, or large temperature variations, it may 
Wiin the airplane's performance to a serious degree. 


— Robert A. Hor 


PART Ill 


Decision making for VFR pilots is relatively 
easy; if there is any chance of getting caught in 
IFR weather conditions, you cancel your flight. 
Although you have more options as an instru- 
ment-rated pilot, your ability to fly IFR does not 
mean you can operate in any weather condi- 
tions. You must exercise better judgment 
because you have the opportunity to experience 
weather hazards that do not affect VFR pilots. 
Chapter 9 reviews basic weather theory, dis- 
cusses hazards that affect IFR operations, and 
reviews weather reports, forecasts, graphic 
weather products, and sources of weather infor- 
mation. Chapter 10 looks at emergencies unique 
to instrument flight, and gives you the tools you 
need for effective planning and decision making 
in the IFR environment. 
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Instrument/Commercial 
Part II, Chapter 9 — Meteorology 


SECTION A 
WEATHER FACTORS 


The reports and forecasts you obtain in a weather briefing do not always give you the 
complete picture of the weather conditions along your entire route of flight. For exam- 
ple, the conditions between reporting points may be difficult to determine, especially in 
areas with dramatically changing topography. In situations like these, you need to have 
a solid understanding of basic weather theory, because the determination of whether the 
flight can be made will most likely be based on your own observations. 


THE ATMOSPHERE 


The atmosphere is a remarkable mixture of life-giving gases surrounding our planet. 
Without the atmosphere there would be no protection from X rays, ultraviolet rays, and 
other harmful radiation from the sun. Though this 
protective blanket is essential to life on earth, it is 
extraordinarily thin — almost all of the earth’s 164,000 
atmospheric mass is within 30 miles (50 km) of 
the surface. [Figure 9-1] As a comparison, the 
thickness of the atmosphere is roughly equivalent 
to a piece of paper wrapped around a beach ball. 


99.9% of 
Mass Below 
This Level 


The atmosphere does not have a clearly defined F 
upper limit, but simply fades away with increas- & 
ing altitude. 8 
< 
90% of Mass 
53,000 —— Below This 
Level 
Figure 9-1. Almost all of the earth’s atmosphere 
exists within 50 km (164,000 feet) of the surface. 48.000 —= 
90% of the atmospheric mass exists below 16 km 50% of Mass 
(53,000 feet). Below This 


Sea Level —— Level 
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The most common way of classifying the 

atmosphere is according to its thermal charac- In the troposphere, temperatures decrease 
teristics. The tr oposphere = the layer from the Rd with altitude up to the tropopause, where- 
surface to an altitude which varies between 


24 000 d 50 f te : an abrupt change in the temperature lapse 
j es uy ec aracterized rate occurs. The average height of the troposphere in 
by a decrease in temperature with altitude. 


A the middle latitudes is 36,000 to 37,000 feet. As shown 
The top of the troposphere is called the 


; The ab h à in figure 9-2, the temperature in the lower part of the 
ropopause. The abrupt change in temperature Stratosphere (up to approximately 66,000 feet) experi- 
lapse rate at the tropopause acts as a lid which 


j ; ences relatively small changes in temperature with an 
confines most water vapor, and the associated 


increase in altitude. 
weather, to the troposphere. Severe thunder- 
storms are one of the few phenomena that 
extend into the next layer, the stratosphere. The uppermost layers, which contain almost 
no atmospheric gases, are the mesosphere and thermosphere. [Figure 9-2] 


Additional layer designations help identify the vertical structure of the atmosphere. The 

ozone layer is characterized by a high concentration of O}, with maximum concentration 

at about 80,000 feet MSL. This special type of oxygen molecule 

absorbs harmful solar radiation and accounts for the increase Figure 9-2. The height of the 

in temperature with altitude in that part of the atmosphere. tropopause varies with the season 
and location over the globe. It tends 
to be higher where it is warmer. The 
thickness of all layers has been 
exaggerated for clarity. Notice that 
the temperature remains constant in 
Thermosphere the lower part of the stratosphere 
before it begins to increase with an 
increase in altitude. 
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The ionosphere is a deep layer of charged particles beginning about 30 miles above the 
surface. The electrical characteristics of the ionosphere can affect radio communications 
around sunrise and sunset, and during periods of increased solar activity. 


ATMOSPHERIC 
CIRCULATION 


Solar radiation strikes the earth at different angles at different locations, resulting in 
uneven heating of the earth’s surface. This uneven heating is the driving force behind all 
weather. Because of the tilt of the earth’s axis, the northern and southern hemispheres 
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a ; of the Tropic of 
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most concentrated on 
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Figure 9-3. Solar heat is most concentrated in areas 
where the sun’s rays strike the earth most nearly per- 
pendicular to the surface. 


Every physical process of weather is 

accompanied by or is the result of a heat receive disproportionate amounts of solar radia- 
eee exchange. The primary cause of all tion throughout the year. In general, the most 
changes in the earth’s weather is the variation of solar direct rays of the sun strike the earth in the vicin- 
energy received by the earth’s regions. ity of the equator while the poles receive the least 
direct light and energy from the sun. [Figure 9-3] 


PRESSURE AND WIND PATTERNS 

The unequal heating of the surface modifies air density which results in differences in 
pressure. Meteorologists plot pressure readings from weather reporting stations on 
charts and connect points of equal pressure with lines called isobars. These lines are 
normally labeled in millibars. The resulting pattern reveals the pressure gradient, or 
change in pressure over distance. When isobars are spread widely apart, the gradient is 
considered to be weak, while closely spaced isobars indicate a strong gradient. 


Isobars help identify pressure systems, which are classified as highs, lows, ridges, 
troughs, and cols. A high is a center of high pressure surrounded on all sides by lower 
pressure. A low is an area of low pressure surrounded by higher pressure. A ridge is an 
elongated area of high pressure and a trough is an elongated area of low pressure. A col 
can designate either a neutral area between two highs or two lows, or the intersection of 
a ridge and a trough. [Figure 9-4] Low pressure areas are areas of rising air, which can 


encourage bad weather, while high pressure areas consist of descending air which 
encourages good weather. [Figure 9-5] 
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Figure 9-4. You can identify highs, 
lows, ridges, troughs, and cols when 
isobars are plotted on a weather 
chart. 


Figure 9-5. The weather 

associated with high and low 

pressure areas is affected by 4 
descending and rising air. . 


In high pressure systems, air moves outward, 
and must be replenished from aloft. As a 
result, a high or ridge is characterized by 
descending air which favors dissipation of 
cloudiness. This is why a high or a ridge is 
generally associated with good visibility, calm 


When air converges into a low, it cannot go 
anywhere but up. This is why a low or trough 
is an area of rising air. Rising air is conducive 
to cloudiness, precipitation, poor visibility, 
gusty winds, and turbulence. Weather may be 

very violent in the area of a trough. | 


or light winds, and few clouds. 


Wind is caused by airflow from cool, dense high 
pressure areas into warm, less dense, low pres- 
sure areas. The speed of this wind depends on rising air, while a high pressure area or 
the pressure gradient force. The stronger the ridge is characterized by descending air. l 
gradient force, the stronger the wind. As the See figure 9-5. 

earth rotates beneath this airflow, Coriolis force pu TE 

counterbalances the pressure gradient force and 
deflects airflow to the right as it flows out of a high pressure area in the northern hemi- 
sphere. This results in clockwise circulation leaving a high and counterclockwise, or 


cyclonic, circulation entering a low. 


m i 
A low pressure area or trough is an area of 
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because of surface fr t avi 72 ie ry 
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Coriolis force affects air that flows independent 


of the earth’s surface. While this force deflects 
winds aloft parallel to the isobars, airflow near 
the surface is influenced by friction with the 
surface, which weakens the effects of Coriolis 
force. As a result, pressure gradient force causes 
surface winds to cross the isobars at an angle. 
For this reason, wind direction tends to shift 
when you descend to within 2,000 feet of the 
surface. [Figure 9-6] 
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Figure 9-6. Near the surface, friction retards the 

airflow and weakens the effects of Coriolis force. 

This results in the air flowing more directly from a 

high to a low. In addition, notice that when flying 

from a high to a low, the wind is generally from 

your left. This apples to flights aloft, as well as 
those near the surface. 
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CONVECTIVE 
CIRCULATION 


Winds near bodies of water are caused by differ- 
ences in temperature between the land and water 
surfaces. Since land surfaces warm or cool more 
rapidly than water surfaces, land usually is 


warmer than water during the day. This creates a sea breeze, which is a wind that blows 
from cool water to warmer land. As afternoon 
heating increases, the sea breeze can reach 


mae il ' 
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speeds of 10 to 20 knots. At night, land cools 
faster than water, and a land breeze blows 
from the cooler land to the warmer water. 
Since the temperature contrasts are smaller at 


night, the land breeze is generally weaker 
than the sea breeze. [Figure 9-7] 
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Figure 9-7. During the 
warm part of the day, air 
rises over the relatively 
warm land mass and sinks 
over the cooler water. This 
circulation pattern results in 
an onshore flow. At night, 
when the land cools more 
than the water, the circula- 
tion pattern reverses. 


Sea Breeze 
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MOISTURE, PRECIPITATION, 
AND STABILITY 


While the sun provides the energy that drives the earth’s weather, water with its special 
thermal properties, stores and releases this energy in ways that dramatically affect the 
weather. Water can exist in a solid (ice), liquid, or gaseous (vapor) state. Water vapor is 
added to the atmosphere through evaporation and sublimation. Evaporation occurs 
when heat is added to liquid water, changing it to a gas. Sublimation is the changing of 
ice directly to water vapor, bypassing the liquid state. Water vapor is removed from the 
atmosphere by condensation and deposition. Condensation occurs when the air 
becomes saturated, and water vapor in the 

air becomes liquid. Deposition is when 

water vapor freezes directly to ice. Of course, P» Moisture is added to a parcel of air by 
liquid water can also freeze, and ice can melt @ evaporation and sublimation. 


into liquid water. 
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| The Ultimate Instrument Airplane 
2 | The Research Aviation Facility (RAF) of the National Center for Atmospheric Research (NCAR) operates two National 
Science Foundation (NSF) aircraft used for weather research. 


The Lockheed EC-130Q Hercules and the L-188 Electra are four-engine turboprops that can carry up to 16 researchers in addition 
to the 3 flight crewmembers. The Hercules offers nearly 90 kilowatts (kw) of electric power for research equipment and can stay 
aloft for 10 hours. The Electra powers up to 50 kw of equipment and can stay aloft 8-1/2 hours. 


NASA's Dryden Flight Research Center is currently using the L-188 in a study on detecting and forecasting clear air turbulence 
(CAT), discussed in the next section. Other typical research applications include oceanographic investigations, air-sea interaction 
studies, cloud physics studies, tropospheric 
profiling, atmospheric chemistry, and aerosol! 
Leeroy af MOO studies. Qualified researchers interested in 
Veeco 0 ee +e oe 

a utilizing these aircraft can submit a formal 
application to NCAR and the National 
Science Foundation. 
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DEWPOINT 


The amount of water vapor the air can hold decreases with the air’s temperature. When 
the air cools to the dewpoint, it contains all the moisture it can hold at that temperature 
and is said to be saturated. Relative humidity increases as the temperature/dewpoint 
spread decreases, When the air is saturated, the relative humidity is 100%. On cool, still 
nights, surface features and objects may cool to a temperature below the dewpoint oÍ the 
surrounding air. When this happens, dew condenses on the cold surfaces. Frost forms 
when water vapor sublimates onto a surface that is below freezing. 
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Clouds are composed of very small droplets 
of water or ice crystals. When they form near 
the surface, clouds are referred to as fog. You 
can anticipate the formation of fog or very 
low clouds when the temperature/dewpoint 
spread is decreasing below 2°C, or about 4°F. 


PRECIPITATION 


When condensed water droplets grow to a 
size where the atmosphere can no longer 
support their weight, they fall as precipita- 
tion. Water droplets that remain liquid fall as 


The amount of water vapor which air can 
hold largely depends on air temperature. 
Dewpoint is the temperature to which air 
must be cooled to become saturated. The temperature 
and dewpoint spread decreases as the relative humidity 
increases. At 100% humidity, water vapor condenses, 
forming clouds, fog or dew. Frost forms when the tem- 
perature of the collecting surface is below the dewpoint 
and the dewpoint is below freezing. l 


drizzle or rain. With low relative humidity, rain may evaporate before it reaches the sur- 
face. When this occurs, it is called virga. [Figure 9-8] 


Sometimes water droplets can remain in liq- 
uid form even though they are cooled below 
freezing. When this supercooled water 
strikes an object, such as an airplane in flight 
or the earth’s surface, it immediately turns to 


Figure 9-8. Virga appears as streamers of pre- 
cipitation trailing from clouds. 


a 
Virga is best described as streamers o 
"precipitation trailing beneath clouds which 4 
evaporate before reaching the eles J 
a 0A oi 


ice, or freezing rain. Ice pellets, by contrast, freeze as they fall through cold air and are 
more likely to bounce off your aircraft rather than freeze to it. The presence of ice pellets 
generally indicates the existence of freezing rain and warmer air at higher altitudes. 


Unlike ice pellets, which fall directly to the 


| The presence of ice pellets normally indi- 
cates freezing rain at higher altitudes. 


ground, hail forms in clouds with strong verti- 
cal currents. The freezing water droplets are 
= carried up and down increasing in size as they 
collide and freeze with other water droplets. 


When they become too large for 
the air currents to support, they 
finally fall as hail. [Figure 9-9] If 
the air currents are particularly 
strong, hailstones can grow as 
large as 5 inches in diameter and 
weigh up to 1-1/2 pounds. 
Obviously, large hailstones are 
very dangerous and can cause 
tremendous damage. 


Figure 9-9. One way hail can grow 
large is by being recirculated 
through a storm. 
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Snow forms through the process of deposi- 

Upward currents enhance the growth rate tion, rather than condensation. It differs from 

Rd of precipitation. ice pellets and hail in that it does not start as 

liquid water and then freeze. Snow grains are 

the solid equivalent of drizzle. They are very 

small, white, opaque particles of ice different 
from ice pellets in that they are flatter and they 
neither shatter nor bounce when they strike the 


: The presence of wet snow indicates the 
ground. If the temperature of the air remains Rd temperature is above freezing at your flight 
below freezing, the snow falls to the ground as ands 
snow; otherwise, it melts and turns to rain. 


LATENT HEAT OF WATER 

The difference between the latent heat of water vapor and liquid water results in signif- 
icant temperature differences which dramatically influence weather. It takes 540 calories 
(2,260 joules) of heat to vaporize one gram of water. This is referred to as the latent heat 
of evaporation. That is why on hot days it is cooler near lakes and rivers, and why you 
feel cold when getting out of the shower. In more familiar terms, about 5/8 kilowatt hour 
(kwh) is needed to vaporize one liter (1 kg) of water. Conversely, when one liter of water 
condenses, it gives back 5/8 kwh of heat. This latent heat of condensation is the reason 
such violent energy is released when thousands of tons of moisture condense into a 
thunderstorm cloud. 


The latent heat of water also changes between freezing and liquid states. However, the 
heat exchange between melting and freezing is small, only 80 calories/gram. While this 
is enough to keep a soft drink cold, it has relatively little effect on weather. 


STABILITY 


Stability is the atmosphere’s resistance to vertical motion. The stability of a parcel of 
air determines whether it rises or sinks in relation to the air around it. Stable air resists 
vertical movement, while unstable air has a tendency to rise. The combined effects of 
temperature and moisture determine the stability of the air and, to a large extent, the 
type of weather produced. The greatest instability occurs when the air is both warm 
and moist. Tropical weather, with its almost daily thunderstorm activity, is a perfect 
example of weather that occurs in unstable air. Air that is both cool and dry resists ver- 
tical movement and is very stable. A good example of this can be found in the polar 
regions during winter. 


Air that is lifted expands due to lower 
atmospheric pressure. Lifting can occur 
orographically, as when air is forced up a 
mountain slope, or it can be caused by 
frontal activity. Lifting is also caused by 
convective currents that are generated by Svo 
uneven heating of the earth’s surface. As the miaka, 
air expands, it cools through a process 
known as adiabatic cooling. Conversely, air 
compresses and its temperature increases as 
it sinks. [Figure 9-10] 


Figure 9-10. When air, or any gas, expands, Ean 20° C 
the temperature decreases because of 


decreased molecular density. 
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The dry adiabatic lapse rate (DALR) is 3°C 

(5.4°F) per 1,000 feet that a parcel of unsatu- When unsaturated air is forced to ascend a 
rated air is lifted. To find out whether a par- Rd mountain slope, it cools at the rate of 

cel of air is unstable, you must determine approximately 3°C per 1,000 feet. 
whether it will be warmer than the surround- 

ing air after it is lifted. Because of the latent 

heat contained in water vapor, stability is strongly related to the moisture of the lifted air. 


When condensation occurs in a parcel of rising air, adiabatic cooling is partially offset by 
warming due to the release of latent heat. Keep in mind that latent heat never completely 
offsets adiabatic cooling. A saturated parcel continues to cool as it rises, but at a slower 
rate than if it were dry. The rate of cooling of a rising, saturated parcel is called the moist, 
or saturated adiabatic lapse rate (SALR). Although DALR is a constant 3°C per 1,000 
feet, SALR is variable. It is about the same as DALR at extremely cold temperatures 
(—40°F), but is only a third of the DALR value at very hot temperatures (100°F). This is 
because saturated air holds much more water vapor at high temperatures, so there is 
much more latent heat to release when condensation occurs. [Figure 9-11] 


Figure 9-11. If two parcels of air are lifted 
the same distance, starting from the same 
level and the same initial temperature, the 
parcel of air which becomes saturated is 
warmer than the unsaturated parcel. 


Above the condensation level, 
the saturated parcel becomes 
warmer than its surroundings, 
| making it unstable. 


Air Temperature 
from Sounding 


The dry air parcel remains 
colder than its surroundings 


making it stable, P EN aiene eenn 
Condensation Level 


Altitude 


Temperature 


Air is unstable when its adiabatic lapse rate is CT ee 
less than the ambient air lapse rate. The stan- D AES E e 
dard temperature at sea level is 15°C and E a A FRENA fan. 
Tea n Se HORS E Ya dard temperature at 10,000 feet is -5°C (15°C — 
1,000 feet, but this can vary. When the lapse 

i j - 20°C = —5°C). 
rate causes the ambient, or surrounding, air 
to be colder than a lifted parcel of air, lifted 
air tends to rise and be unstable. When there is an inversion in the lapse rate, causing the 
air above to be warm, it discourages a parcel of air from rising, contributing to stability. 
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D l Measuring the Lapse Rate 


Radiosondes are instruments, often encased in 
Styrofoam, that measure pressure, temperature 
and humidity when launched into the upper atmosphere on a 
weather balloon. Wind speed and direction are measured by 
monitoring the balloon’s progress from ground level to altitudes 
that often exceed 20 miles. The observed data is transmitted to 
ground equipment that processes the data into weather infor- 
mation. Less than half of the radiosondes launched by the’ 
National Weather Service are recovered and reused. 


Gourtesy of Vaisala Corporation 


Courtesy:of Vaisala Corporatien 


Inversions usually are confined to fairly shal- 


The ambient lapse rate allows you to deter- 

P e. ; a low layers and may occur near the surface or at 
Q& ia abil A higher altitudes. They act as a lid for weather 

and pollutants. When the humidity is high, vis- 

ibility often is restricted by fog, haze, smoke, 
and low clouds. Temperature inversions nor- 
mally occur in stable air with little or no wind 

Rè _ based temperature inversion is that which is 

produced by ground radiation on clear, cool 
nights with calm or light winds. An inversion normally 


and turbulence. One of the most familiar types 
of ground- or surface-based inversions forms 

forms only in stable air. When humidity is high, you can 
expect poor visibility due to fog, haze, or low clouds. 


A common type of ground- or surface- 


from radiation cooling just above the ground on 
clear, cool nights. A frontal inversion occurs 
when cool air is forced under warm air, or when 
warm air spreads over cold air. 


The condensation level is the level at which the 

temperature and dewpoint converge, and a cloud forms in rising air. Below the conden- 
sation level, the rising air parcel cools at the DALR; above that level, it cools at the SALR. 
With dewpoint decreasing at 1°F per 1,000 feet, and a DALR of 5.4°F per 1,000 feet, the 
temperature and dewpoint converge at about 4.4°F (2.5°C) per 1,000 feet. 


To estimate cloud bases, divide the surface temperature/dewpoint spread by the rate 
that the temperature approaches the dewpoint. For example, if the surface tempera- 
ture is 25°C and the surface dewpoint is 0°C, you would divide the 25°C spread by 
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2.5°C to get the approximate height of the 


cloud base in thousands of feet. In this case, 


i f » To estimate the bases of cumulus clouds, 
0,000 feet AGL. Rè in thousands of feet, divide the tempera- 


ture/dewpoint spread at the surface by 
2.5°C (4.4°F). If using the quick estimate method, divide 
the temperature/dewpoint spread by 4°F (2.2°C). 


If you know the stability of an airmass, you 


l When air is forced to ascend, the coud ~ can predict its characteristics. Stable air is 
Rè structure, whether stratiform or cumuliform, associated with stratus clouds, poorer visibil- 
is dependent upon the stability of the air ity and lack of turbulence. Unstable air sup- 
being lifted. ports cumulus clouds, good visibility outside 


the clouds, and generally more extreme 
weather such as icing, heavy rain, hail, and 
turbulence. [Figure 9-12] 


Stable Air lAmiabie Al 


Wide areas of layered or stratiform 
clouds or fog; gray at low altitude, thin 
white at high altitude 


Small droplets in fog and low-level 
clouds; large droplets in thick stratified 


Figure 9-1 2. You can clouds; widespread and lengthy 
determine much about ! periods of rain or snow 


the clouds and weather i 
if you know the stability Í Restricted for long periods 
of an airmass. 


As shown in figure 9-12, when moist, stable 
air is forced upwards through convection, 


CLOUDS » 
As air cools to its saturation point, condensa- 


tion and sublimation change invisible water frontal activity, or by orographic lifting, the 
vapor to a visible state. Most commonly, this result is stratiform clouds, with continuous precipitation 
visible moisture takes the form of clouds or fog. and little or no turbulence. Stability contributes to 


Clouds are composed of very small droplets of smoke, dust, and haze concentrated at the lower levels 
water or, if the temperature is low enough, ice with resulting poor visibility. Lifting of unstable, moist air 
crystals. Condensation and sublimation are results in cumuliform type clouds (those with extensive 
facilitated by condensation nuclei, which can vertical development), good visibility outside the cloud, 
be dust, salt from evaporating sea spray, or showery precipitation, turbulence, and possible clear 


products of combustion. icing in clouds. 

The four families of clouds are high, TYPES OF CLOUDS 
Rd middle, low, and those with extensive Clouds are divided into four basic groups, or 

vertical development. families, depending upon their characteristics 
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and the altitudes where they occur. These are low, middle, high, and clouds with ver- 
tical development. 


Cloud names are based on the terms, cumu- 


g lus (heap), stratus (layer), nimbus (rain), and 
The suffix Mee es inn ing me l cirrus (ringlet). The prefixes alto and cirro 
pes = rain i ý Í | i denote cumulus and stratus clouds from the 

paes b $ i middle and high families, respectively. The 


prefix nimbo and the suffix nimbus denote 
clouds that produce rain. 


Cumulus clouds form when moist air is lifted 
and condenses. They usually have flat bottoms 
and dome-shaped tops. Widely spaced cumulus 
clouds that form in otherwise clear skies are 
called fair weather cumulus. These clouds gen- 
erally form in unstable air, but are capped at the 
top by stable air. At and below the cloud level, you can expect turbulence, but little icing 
or precipitation. If you can fly above a fair weather cumulus cloud, you can expect 
smooth air at that altitude. 


_ Fair weather cumulus clouds indicat 
lence at and below the cloud level. 


â eae 


Stratus clouds are associated with stable air. They frequently produce low ceilings and vis- 
ibilities, but usually have little turbulence. Icing conditions are possible if temperatures are 
at or near freezing. Stratus clouds may form when air is cooled from below, or when stable 
air is lifted up sloping terrain. They also may form along with fog when rain falls through 
cooler air and raises the humidity to the saturation point. Nimbostratus clouds are stratus 
clouds that produce rain. They can be several thousand feet thick and contain large quanti- 
ties of moisture. If temperatures are near or below freezing, they may create heavy icing. 


Low CLOUDS 

Low clouds extend from near the surface to about 6,500 feet AGL. Low clouds usually 
consist almost entirely of water but sometimes may contain supercooled water which 
can create an icing hazard for aircraft. Types of low clouds include stratus, stratocumu- 
lus, and nimbostratus. [Figure 9-13] 


Fog is a low cloud which has its base within 50 feet of the ground. [Figure 9-14] If the 
fog is less than 20 feet deep, it is called ground fog. Having an instrument rating does 


Figure 9-13. Low clouds are 
found at altitudes extending from 
the surface to about 6,500 feet 
AGL. 


LOW CLOUDS 


Stratus Clouds 
Stratus clouds are layered clouds that $ 
form in stable air near the surface due to iiaii : 
cooling from below. They have a gray, Nimbostratus Clouds 
uniform appearance and generally cover Nimbostratus clouds can be several 
a wide area. thousand feet thick and contain large 
cuantigs of moisture. These clouds pe. Moeaa CDUS 
vary from gray to bla i 
a 2 d See H e Stratocumulus clouds are white, puffy clouds 
that form as stableair is lifted. They often form 
as a stratus layer breaks up or as cumulus 


9-14 clouds spread out. 
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not eliminate fog as a flight hazard. Aside from its 
ability to reduce visibility even below safe IFR mini- 
mums, fog can contain icing hazards. Fog is covered 
in detail in the next section. 


Figure 9-14. Fog is a cloud that forms next to the ground. 


MIDDLE CLOUDS 

Middle clouds have bases that range from about 
6,500 to 20,000 feet AGL. They are composed of water, ice crystals, or supercooled 
water, and may contain moderate turbulence and potentially severe icing. Altostratus 
and altocumulus are classified as middle clouds. [Figure 9-15] 


MIDDLE CLOUDS 


Figure 9-15. Middle clouds are found at 
altitudes extending from 6,500 feet to 
20,000 feet AGL. 


HIGH CLOUDS i 
High heal i b Altostratus Clouds 

ip f ouas Nave bases Altostratus clouds are flat, dense "$ oo 
beginning above 20,000 feet clouds that cover a wide area. Altocumulus Clouds 
AGL. They are generally They are a uniform gray or gray- = Altocumulus clouds are gray or white, 


white to light gray in color white in color. Although they patchy clouds of uniform appearance 
and form in stable air. They produce minimal turbulence, they that often form when altostratus clouds 
Ocean ines Gigs can contain moderate icing. start to break up. They may produce 


light turbulence and icing. 
crystals and seldom pose a 


serious turbulence or icing hazard. The three basic types of high clouds are called cirrus, 
cirrostratus, and cirrocumulus. [Figure 9-16] 


Cirrus clouds are thin, wispy clouds composed mostly of ice crystals that usually form 
above 30,000 feet. White or light gray in color, they often exist in patches or narrow bands 


HIGH CLOUDS Figure 9-16. High clouds are 
found at altitudes above 20,000 
feet AGL. 
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Cirrus Clouds 

Cirrus clouds are composed 
mostly of ice crystals that usually 
form above 30,000 feet. 


esy of Peter F. Lester 
- eee en 


Cirrostratus Clouds 
Cirrostratus clouds also are thin, 
white clouds that often form in long 
bands or sheets against a deep 
blue background. Although they 
may be several thousands of feet 
thick, moisture content is low and 
they pose no icing hazard. 


Cirrocumulus Clouds 

Cirrocumulus clouds are white patchy 

clouds that look like cotton. They form as 

a result of shallow convective currents at 

high altitude and may produce light 

turbulence. 9-15 


METEOROLOGY 


. r -across the sky. Since they are sometimes blown 
A high cloud is composed mostly of ice from the tops of thunderstorms they can be an 
crystals. advance warning of approaching bad weather. 


1O TO 


CLOUDS WITH 

VERTICAL DEVELOPMENT 
When lifting and instability are present, cumulus clouds may build vertically into tow- 
ering cumulus or cumulonimbus clouds. The bases are typically at 1,000 to 10,000 feet 
MSL, and their tops sometimes exceed 60,000 
feet MSL. [Figure 9-17] 


Towering cumulus clouds indicate a fairly deep 
layer of unstable air. They contain moderate to 
heavy convective turbulence with icing and 
often develop into thunderstorms. 


Cumulonimbus clouds, or thunderstorms, are large, vertically developed clouds that 
form in moist, unstable air. They are gray-white to black in color and contain large 
amounts of moisture, turbu- 
CLOUDS WITH lence, icing, and lightning. You 
VERTICAL DEVELOPMENT can think of them as severe ver- 
aa oe Tø sions of towering cumulus. 
Thunderstorms are discussed in 
more detail in the next section. 


Figure 9-17. Clouds with 
vertical development, or 
cumuliform clouds, indicate 
instability. 


Cumulus Clouds 
These puffy white clouds usually have Towering Cumulus 
flat bottoms and dome-shaped tops. 


Cumulonimbus Clouds 
Cumulonimbus clouds, or thunderstorms, 
Towering cumulus clouds are are large, vertically developed clouds 


similar to cumulus clouds, ranging from gray-white to black in color. 
except they have more vertical They contain large amounts of moisture, 
development. turbulence, icing, and lightning. 


AIRMASS 


An airmass is a large body of air with fairly uni- 
form temperature and moisture content. It usually 
forms where air remains stationary or nearly sta- 
tionary for at least several days. During this time, 
the airmass takes on the temperature and moisture properties of the underlying surface. 
The area where an airmass acquires the properties of temperature and moisture that 
determine its stability is called its source region. [Figure 9-18] 


As an airmass moves over a warmer surface, its lower layers are heated, and vertical 
movement of the air develops. Depending on temperature and moisture levels, this can 
result in extreme instability, characterized by cumuliform clouds, turbulence, and good 
visibility outside the clouds. When an airmass flows over a cooler surface, its lower lay- 
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D Safe From Lightning? 


Some bolts of lightning are powerful enough to light a small city. With this much electricity hitting one spot, it is easy to 
see why lightning is so dangerous. 


One common myth is that the rubber tires of a car act as an insu- 
lator to lightning. Although rubber is considered an electrical 
insulator, it is ineffective against a 300,000 volt per foot electrical 
charge that can jump up to two miles through air. In fact, when 
lightning strikes a car, it usually destroys the tires as it punches 
through them on the way to the ground. 


Since it is nearly impossible to insulate against an electrical 
charge as powerful as lightning, the key to effective lightning pro- 
tection is to conduct the electricity along a path in which it can do 
no harm. An enclosed metal vehicle can provide effective protec- 
tion, because the vehicle frame conducts the electricity around, 
rather than letting it go through, the occupants. Motorcycles and 
convertibles provide no such protection. 


Metal aircraft also protect their occupants from lightning. As you y 
wili learn in the next section, the primary aviation hazards from 
thunderstorms are not from lightning, but from icing and turbu- 
lence. There has been some concern about lightning danger with 
certain composite aircraft because of the lack of electricity-con- 
ducting metal in the aircraft structures. 


ers are cooled and vertical movement is 
inhibited. As a result, the stability of the air is 
increased. If the air is cooled to its dewpoint, 
low clouds or fog may form. This cooling 
tam below ee 2 a oe ae updrale are particularly strong, resulting in cumulonim- 
and may result in low ceilings and restricted Hie clas. . w 4 
visibility for long periods of time. - 


_ When a cold airmass moves over, or is 


-E 
heated by, a warm surface, the resultis 
cumuliform clouds, turbulence, and good 


visibility. When the air is moist and unstable, the me 
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Figure 9-18. Airmass source egona surround 


North America. As airmasses move out of those 
regions, they often converge to A the continents 
- major weather systems. 
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FRONTS 


When an airmass moves out of its source region, it comes in contact with other airmasses 
that have different moisture and temperature characteristics. The boundary between air- 
masses is called a front and often contains hazardous weather. 


When you cross a front, you move from one airmass into another with different proper- 
ties. The changes between the two may be very abrupt, indicating a narrow frontal zone. 
On the other hand, changes may occur gradually, indicating a wide and, perhaps, dif- 
fused frontal zone. These changes can give you important cues to the location and inten- 
sity of the front. 


A change in the temperature is one of the eas- 
A change in the win cate iest ways to recognize the passage of a front. 

_ with the passa muna At the surface, the temperature change usu- 
á si = ally is very noticeable and may be quite 
abrupt in a fast-moving front. With a slow- 

moving front, it is less pronounced. When 

you are flying through a front, you can observe the temperature change on the outside air 


temperature gauge. However, the change may be less abrupt at middle and high altitudes 
than it is at the surface. 


ek, 


The most reliable indications that you are crossing a front are a change in wind direction 
and, less frequently, wind speed. Although the exact new direction of the wind is difficult 
to predict, the wind always shifts to the right in the northern hemisphere as the front passes. 


As a front approaches, atmospheric pressure usually decreases, with the area of lowest 
pressure lying directly over the front. Pressure changes on the warm side of the front gen- 
erally occur more slowly than on the cold side. The important thing to remember is that 
you should promptly update your altimeter setting after crossing a front. 


The type and intensity of frontal weather depend on several factors, including the avail- 
ability of moisture, the stability of the air being lifted, and the speed of the frontal move- 
ment. Other factors include the slope of the front and the moisture and temperature 
variations between the two fronts. Although some frontal weather can be severe and haz- 
ardous, other fronts produce relatively calm weather. 


CAN AATHRITIS SUFFERERS PREDICT THE VEATHER? 


Many of those with arthritis are convinced that their pain and stiffness increase with deteriorating weather. In a 1960 
study, Dr. Joseph Hollander at the University of Pennsylvania found that 11 of his 12 subjects reported worsened 
symptoms 73 percent of the time they were simultaneously exposed to high humidity and falling barometric pressure. More recent 
studies have showed no such correlation. 


According to the Arthritis Society, living in a cold, damp climate may make you feel your arthritis more than living in a hot, dry 
one. They go on to state that a rise in humidity and a fall in paraman pressure may ana ale ae en EH worse we Ne 
but not everyone with arthritis can predict weather change. ` : dee i 


It seems there is no consensus on this issue. Many researchers feel arthritis victims notice their pain more when the weather is 
bad because people feel worse anyway when it is dreary outside. On the other hand, if the joints ache, yet the weather stays 
nice, a person may feel better and forget that their joints predicted a bad day. 


COLD FRONTS 


A cold front separates an advancing mass of cold, dense, and stable air from an area of 
warm, lighter, and unstable air. Because of its greater density, the cold air moves along 
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Figure 9-19. Cumuliform clouds and showers are common in the vicinity of cold fronts. 


the surface and forces the less dense, warm air upward. In the northern hemisphere, cold 
fronts are usually oriented in a northeast to southwest line and may be several hundred 
miles long. Movement is usually in an easterly direction. A depiction of the typical cold 
front and a summary of its associated weather is shown in figure 9-19. 


FAST-MOVING COLD FRONTS 

Fast-moving cold fronts are pushed along by intense high pressure systems located well 
behind the front. Friction slows the movement at the surface, causing the front’s leading 
edge to bulge out and steepen its slope. Because of the steep slope and wide differences 
in moisture and temperature between the two airmasses, fast-moving cold fronts are par- 
ticularly hazardous. 


Fast-moving cold fronts rapidly force warmer air to rise, which can cause widespread 
vertical cloud development along a narrow frontal zone. If sufficient moisture is present, 
an area of severe weather forms well ahead of the front, and usually clears quickly as the 
front passes. You often notice reduced cloud cover, improved visibility, lower tempera- 
tures, and gusty surface winds following the passage of a fast-moving cold front. 


SLOW-MOVING COLD FRONTS 

The leading edge of a slow-moving cold front is much shallower than that of a fast-mov- 
ing front. This produces clouds extending far behind the surface front. A slow-moving 
cold front meeting stable air usually causes a broad area of stratus clouds to form behind 
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the front. A slow-moving cold front meeting unstable air usually causes large numbers of 
vertical clouds to form at and just behind the front, creating hazards from icing and tur- 
bulence. Fair weather cumulus clouds can extend well behind the surface front. 


WARM FRONTS 

Warm fronts occur when warm air moves over the top of cooler air at the surface. They 
usually move at much slower speeds than cold fronts. The slope of a warm front is very 
gradual, and the warm air may extend over the cool air for several hundred miles ahead 
of the front. A depiction of the typical warm front and a summary of its associated 
weather is shown in figure 9-20. 


The stability and moisture content of the air in 
a warm front determines what type of clouds 
will form. If the air is warm, moist, and stable, 
stratus clouds and steady precipitation can 
develop. If the air is warm, moist, and unsta- 
ble, cumulus clouds and showery precipitation 
can develop. 
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Figure 9-20. Although Stratus clouds usually extend out ahead of a slow-moving warm front, cumulus 
clouds sometimes develop along and ahead of the surface front if the air is unstable. 
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STATIONARY FRONTS 


When the opposing forces of two airmasses are balanced, the front that separates them 
may remain stationary and influence local flying conditions for several days. The weather 
in a stationary front usually is a mixture of that found in both warm and cold fronts. 


OCCLUDED 
FRONTS 


A frontal occlusion occurs when a fast-mov- 
ing cold front catches up to a slow-moving 
warm front. The difference in temperature 
within each frontal system strongly influences which type of front and weather are cre- 
ated. A cold front occlusion develops when the fast-moving cold front is colder than the 
air ahead of the slow-moving warm front. In this case, the cold air replaces the cool air 
at the surface and forces the warm front aloft. A warm front occlusion occurs when the 
fast-moving cold front is warmer than the air ahead of the slow-moving warm front. In 
this case, the cold front rides up over the warm front, forcing the cold front aloft. A 
depiction of the typical cold and warm front occlusions and a summary of their associ- 
ated weather is shown in figure 9-21. 


` In a cold front occlusion, the air ahead of 
the warm front is warmer than the air 
behind the overtaking cold front. 
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Figure 9-21. When the air being lifted by a cold front occlusion is moist and stable, the weather will bea . 
mixture of that found in both a warm and a cold front. When the air being lifted by a warm front occlusion is 
moist and unstable, the weather will be more severe than that found in a cold front occlusion. 


THE FRONTAL CYCLONE 


One important process by which fronts are set in motion is the frontal cyclone, some- 
times referred to as an extratropical cyclone or a frontal low. As you may recall, cyclonic 
circulation is counterclockwise in the northern hemisphere. Because there is an excess 
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of solar energy received at the equator and a deficit at the poles, a temperature gradi- 
ent occurs and is concentrated in an area called the polar front. If that temperature gra- 
dient becomes excessive at some point along the polar front, a disturbance occurs to 
equalize the pressure. The circulation patterns that result from this activity act to 
transport the warm air toward the pole and cold air toward the equator and reduce the 
temperature gradient. 


In addition to the polar fronts, other areas are conducive to the formation of frontal 
cyclones. For example, in winter, locally strong temperature gradients are found along 
some coastlines where cold continents are next to very warm oceans. This is the case for 
the U.S. just off the Gulf of Mexico and along the East Coast. When fronts move into these 
areas, the development of a low pressure area around which these fronts can circulate is 
common. [Figure 9-22] 


Figure 9-22. Frontal cyclones 
develop in areas with strong 
temperature gradients. Regions 
with the highest frequency of 
cyclone development are shown 
in red. 


Orographic lifting from large mountain chains and latent heat from condensation of 
moist air also can enhance cyclone development (cyclogenesis). These two processes 
frequently work together to produce lows on the east slopes of the Rocky Mountains. 


STRUCTURE AND DEVELOPMENT 
The surface development of a frontal cyclone in the northern hemisphere follows a 
distinctive life cycle. Before the frontal wave development begins, a stationary or 
slow-moving cold front is present in the area. The frontal zone is characterized bya 
change in wind speed and/or direction (wind shear) from the warm side to the cold 
side. As the cyclone development begins, 
pressure falls at some point along the orig- 
Frontal waves normally form on slow-mov- inal front, and counterclockwise circula- 
ing cold fronts or stationary fronts. tion is generated. At this point, the 
cyclone is in the incipient, or wave 
cyclone, stage because the original front 
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Pre-Development Stage 

This stage is characterized by a stationary or slow- 
moving cold front with winds blowing in opposite 
directions on each side of the front. 


Incipient (Wave Cyclone) Stage 

The counterclockwise circulation around the low 
generates a frontal wave. By definition, the cold air 
moving toward the warm air is called a cold front, 
and the warm air moving toward the cold air is a 
warm front. 


~ J g / 
— -7 
Warm Sector 


Figure 9-23. The development of a frontal 
low is shown in chronological order. The 
incipient stage of frontal cyclone develop- 
ment typically takes 12 hours. 


has been distorted into a wave shape in response to the developing circulation. 


[Figure 9-23] 


Frontal cyclones do not necessarily develop beyond the incipient stage. These stable 
waves can simply move rapidly along the polar front, and finally dissipate. However, a 
cyclone that continues to develop moves northeastward at 15 to 25 knots, pushing warm 
air northward ahead of it, and bringing cold air to the south into the wake of the cyclone. 
As it progresses eastward, the central pressure continues to fall; the cyclone deepens, 
and the winds around it increase in response to the greater pressure gradient. About 12 
hours after the initial appearance of the frontal low, the cold airmass trailing the cyclone 
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Occluded Stage 
The winds around the cyclone increase in 
response to the greater pressure gradient. 
The cold airmass overtakes the retreating 
cold air ahead of the cyclone, resulting in an 
occlusion. 


Figure 9-24. During the occluded stage, 12 to 
24 hours after initial development, the cyclone 
reaches its greatest intensity. The dissipating 
tage occurs a few days later. 


Dissipating Stage 
In the occlusion process, the temperature 
gradient is destroyed, so the cyclone, now 


located entirely in the cold air, dies from 
the lack of an energy source. 


is swept around the low and overtakes the retreating cold air ahead of the cyclone. This 
process pushes the warm sector air aloft and the cyclone enters the occluded stage. 
[Figure 9-24] 


As the cyclone enters the dissipating stage of its life cycle, the central pressure begins 
to rise. The weakening of the cyclone begins 24 to 36 hours after the initial formation 
of the disturbance and lasts for another few days. The weakening occurs because the 
temperature gradient, from which the cyclone draws its energy, has been diminished 
by the mixing of warm and cold air. 


HIGH ALTITUDE WEATHER 


If you transition into jet or turboprop aircraft, it will become important to understand 
weather patterns at and above the tropopause. The height of the tropopause varies 


WEATHER FACTORS c x SECTION A 


iito 


between 24,000 feet MSL near the poles and 50,000 feet MSL near the equator. The 
tropopause, which is the boundary between the troposphere and the stratosphere, is 
characterized by an abrupt change in the temperature lapse rate. In International 
Standard Atmospheric (ISA) conditions, the height of the tropopause is approximately 
36,000 feet. From this altitude up to 66,000 feet in the standard atmosphere, the tem- 
perature remains constant at -57°C. The tropopause acts like a lid, since it resists the 
exchange of air between the troposphere and the stratosphere above. However, in the 
northern hemisphere, there are generally two breaks in the tropopause. One is between 
the polar and subtropical airmass and the other is between the subtropical and tropi- 
cal airmass. 


Jet streams often are embedded in the zone of 
strong westerlies at these breaks in the 
tropopause. [Figure 9-25] A jet stream is a nar- 
row band of high speed winds that reaches its 
greatest speed near the tropopause. Typical jet 
stream speeds range between 60 knots and about 
240 knots. Jet streams normally are several thou- 
sand miles long, several hundred miles wide, 
and a few miles thick. 
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Figure 9-25. The jet stream occurs at 
breaks in the tropopause, which vary 
with the seasonal migration of airmass 
boundaries. 


Subtropical 
Jet Stream 


Polar 


' 
Jet Stream ‘4 


Ee 
— 


The polar front jet stream occurs at about 30°N 
to 60°N latitude. Although it exists year round, 
the polar front tends to be higher, weaker, and 
farther north in the summer. The subtropical jet 
stream is found near 25°N latitude. It reaches its 
greatest strength in the wintertime and is 
nonexistent in the summer. 


The tropopause slopes upward from polar to tropical regions. If you could stand at the 
breaks in the tropopause with the wind at your back, a distinctly higher tropopause 
would occur on the right side of each jet stream and a separate, lower tropopause on the 
left. This structure is reversed in the Southern Hemisphere. 


SUMMARY GHECKLIST 


/ The atmosphere is commonly divided into a number of layers according to its 
thermal characteristics. The lowest layer, the troposphere, is where most 
weather occurs. 
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Uneven heating of the earth's surface is the driving force behind all weather. The 
special characteristics of water also affect the release of heat into the atmosphere, 
and dramatically affect the weather. 


Atmospheric circulation patterns are caused by differences in pressure. Above the 
friction layer, Coriolis force diverts wind to the right as it flows out of a high pres- 
sure area in the northern hemisphere. Near the surface, wind flows more directly 
from a high to low pressure area, or across the isobars. 


The amount of water vapor that air can hold decreases with temperature. At the 
dewpoint, the air is saturated. 


Precipitation occurs when water vapor condenses out of the air and becomes heavy 
enough to fall to earth. The type of precipitation is influenced by the temperature 
and other conditions under which condensation occurs. 


Stability is the atmosphere's resistance to vertical motion. Air is stable when a 
lifted parcel of air is cooler than the ambient air. Dry air tends to cool more when 
lifted and tends to be more stable. Ambient air with a low or inverted lapse rate 
also contributes to stability. 


Clouds occur when water vapor condenses. They are divided into four basic fami- 
lies: low, middle, high, and clouds with vertical development. 


Cumulus clouds are formed when unstable air is lifted. Stratiform clouds are 
formed when stable air is lifted. The lifting of moist, unstable air results in good 
visibility outside the cloud, showery precipitation, and turbulence. However, the 
lifting of moist, stable air results in continuous precipitation, little or no turbu- 
lence, and poor visibility. 


An airmass is a large body of air with fairly uniform temperature and moisture con- 
tent. A front is a discontinuity between two airmasses. A cold front occurs when cold 
air displaces warmer air. A warm front occurs when warm air overruns colder air. 


A frontal cyclone starts as a slow-moving cold front or stationary front and can end 
as a cold front occlusion with potentially severe weather. 


Jet streams are bands of strong westerly winds that occur at breaks in the 
tropopause in the northern hemisphere. While they can provide beneficial winds 
when flying west to east, they also can be associated with strong turbulence. 


KEY TERMS 


Troposphere Coriolis Force 
Tropopause Cyclonic 
Stratosphere Evaporation 
Isobars Sublimation 
Pressure Gradient Condensation 
High Deposition 

Low Dewpoint 

Ridge Supercooled Water 
Trough Latent Heat 

Col Stability 
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T. 
Dry Adiabatic Lapse Rate (DALR) Cumulonimbus Clouds 
Saturated Adiabatic Lapse Rate Cold Front 
(SALR) 


Warm Front 
Condensation Level 

Stationary Front 
Condensation Nuclei 

Frontal Occlusion 
Low Clouds 

Frontal Cyclone 
Middle Clouds 

Frontal Wave 
High Clouds 

Jet Stream 
Towering Cumulus 
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In which level of the atmosphere does most of the earth’s weather occur? Why? 


. What is the major driving force behind the weather? 


A. Variations in moisture content 

B. Uneven heating of the earth’s surface 

C. Rotation of the earth and its effect on the movement of high and low pressure 
areas 


. What is indicated by close spacing of isobars on a weather map? 


A. Weak pressure gradient and weak winds 
B. Weak pressure gradient and strong winds 
C. Strong pressure gradient and strong winds 


Select the true statement regarding Coriolis force. 


A. Coriolis force is strongest within 2,000 feet of the surface. 

B. Coriolis force causes cyclonic circulation around high pressure areas. 

C. In the northern hemisphere, Coriolis force deflects wind to the right as it flows 
out of a high pressure area. 


Match the following items with the associated weather characteristics. 


ble 


a2. 


. Instability A. Resistance to vertical motion 
. Stability B. Layered clouds with little turbulence 
. Stratus C. Clouds with vertical development 
. SALR D. Rain clouds 
. Supercooled water E. The result of a high ambient lapse rate combined 
with a low adiabatic lapse rate 
. Nimbus 
F. 2°C per 1,000 feet 
Towering cumulus 
G. Liquid water that is colder than 0°C 
DALR 
H. 3°C per 1,000 feet 
I. As low as 1°C per 1,000 feet 
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14. 


15. 


16. 
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Select the characteristic(s) associated 
with the cloud shown in the accompany- 
ing photo. More than one characteristic 


may apply. 


Hail 

Drizzle 

Lightning 

Stable air 

Turbulence 

Restricted visibility for long periods 
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True/False. When an airmass is warmed 
from below, it becomes more stable. 


True/False. Passage of a fast-moving cold 
front creates a narrow frontal zone with less 
severe weather than the passage of a slow- 
moving cold front. 


Steady precipitation with little turbulence 
precedes what type of front? 


A. Cold front 
B. Warm front 
C. Occluded front 


What is the most reliable indication that you have flown through a front? 


A. Change in pressure 
B. Change in temperature 
C. Change in wind direction 


What conditions favor the formation of a frontal wave? 


A. A fast-moving warm front overtaking a cold front 
B. A deep low pressure area located northeast of a ridge 
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C. A stationary front or slow moving cold front with a strong temperature 


gradient 
Jet stream winds occur at which location? 


A. South of highs 
B. Parallel to troughs 
C. Breaks in the tropopause 


This section covers various weather hazards that you need to be aware of to safely fly 
under both VFR and IFR. Instrument operations, in particular, require a sound knowledge 
of hazardous weather phenomena. When flying in instrument meteorological conditions, 
you are often unable to observe weather hazards directly. Knowledge of the conditions 
that produce hazardous weather increases your ability to recognize and avoid dangerous 
conditions. l 


THUNDERSTORMS 


Thunderstorms produce some of the most dangerous weather elements in aviation 
and should be avoided. Remember, there are three conditions necessary to create a 
thunderstorm — air that has a tendency toward instability, some type of lifting action, 
and relatively high moisture content. [Figure 9-26] 


Figure 9-26. This map shows the average number of thunderstorms that occur each year in dif- 
ferent parts of the United States. 
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The lifting action may be provided by several 


Mae ion requires an À factors, such as rising terrain (orographic lift- 
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tabl e rate lifting fore ; ing), fronts, or the heating of the earth’s surface 
and nr Om moisture leve i (convection). Thunderstorms progress through 
i tt | 


m three definite stages — cumulus, mature, and 

dissipating. [Figure 9-27]. You can anticipate 
the development of thunderstorms and the associated hazards by becoming familiar with 
the characteristics of each stage. Be aware that other weather phenomena may prevent 
you from seeing their characteristic shapes. For example, a cumulonimbus cloud may be 
embedded, or contained within, other cloud layers making it impossible to see. Night 
operations also make it more difficult to see hazardous cloud formations. 
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Figure 9-27. A typical airmass thunderstorm consists of three states — cumulus, mature, and 
dissipating. 


In the cumulus stage, a lifting action initiates the 
vertical movement of air. As the air rises and 
cools to its dewpoint, water vapor condenses 
into small water droplets or ice crystals. If suffi- 
cient moisture is present, heat released by the condensing vapor provides energy for the 
continued vertical growth of the cloud. Because of strong updrafts, precipitation usually 
does not fall. Instead, the water drops or ice crystals rise and fall within the cloud, grow- 
ing larger with each cycle. Updrafts as great as 3,000 f.p.m. may begin near the surface 
and extend well above the cloud top. During the cumulus stage, the convective circula- 
tion grows rapidly into a towering cumulus (TCU) cloud that typically grows to 20,000 
feet in height and 3 to 5 miles in diameter. The cloud reaches the mature stage in about 
15 minutes. 


As the drops in the cloud grow too large to be 
supported by the updrafts, precipitation begins 
to fall to the surface. This creates a downward 
motion in the surrounding air and signals the 
beginning of the mature stage. The resulting downdraft may reach a velocity of 2,500 
f.p.m. The down-rushing air spreads outward at the surface, producing a sharp drop in 
temperature, a rise in pressure, strong gusty surface winds, and turbulent conditions. 
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Turbulence develops when air currents change direction or velocity rapidly over a short 
distance. The magnitude of the turbulence depends on the differences between the two 
air currents. Within the thunderstorm cloud, the strongest turbulence occurs in the 
shear between the updrafts and downdrafts. Near the surface, there is an area of low- 
level turbulence which develops as the downdrafts spread out at the surface. A shear 
zone is created between the surrounding air and the cooler air of the downdraft. This 
shear zone with its gusty winds and turbulence is not necessarily confined to the 
thunderstorm itself, but can extend outward for many miles from the center of the 
storm. The leading edge of the downdraft is referred to as a gust front. As the 
thunderstorm advances, a rolling, turbulent, circular-shaped cloud may form at the 
lower leading edge of the cloud. This is called the roll cloud. [Figure 9-28] 
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Figure 9-28. Early in the mature 
stage, the updrafts continue to 
increase up to speeds of 6,000 
f.p.m. The adjacent updrafts and 
Wind Shear —_ downdrafts cause severe turbu- 
Turbulence lence. The most violent weather 
occurs during this phase of the 
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As the mature stage progresses, more and more air aloft is disturbed by the falling drops. 
Eventually, the downdrafts begin to spread out within the cell, taking the place of the 
weakening updrafts. Because upward movement is necessary for condensation and the 
release of the latent energy, the entire thunderstorm begins to weaken. When the cell 
becomes an area of predominant down- 
drafts, it is considered to be in the 
dissipating stage. During this stage, the 
upper level winds often blow the top of 
the cloud downwind, creating the 
familiar anvil shape. [Figure 9-29] 


Figure 9-29. An anvil shape usually forms at the top of a 
cumulonimbus cloud during the dissipating stage of a 
thunderstorm. However, severe weather can still occur 
well after its appearance. 
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by predominant downdrafts. 


Thunderstorms usually have similar phys- 
ical features, but their intensity, degree of 


differ. Thunderstorms are generally classi- 
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| A dissipating thunderstorm is pa development, and associated weather do 
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i pi : ‘ fied as airmass or severe storms. Airmass 


thunderstorms generally form in a warm, 


moist airmass and are isolated or scattered over a large area. They are usually caused by 
solar heating of the land, which results in convection currents that lift unstable air. 
These thunderstorms are most common during hot summer afternoons when winds are 
light. They are also common along coastal areas at night. Airmass storms can also be 
caused by orographic lifting. Although they are usually scattered along individual 
mountain peaks, they may cover large areas. They also may be embedded in other 
clouds, making them difficult to identify when approached from the windward side of 
a mountain. Nocturnal thunderstorms can occur in late spring and summer during the 
late night or early morning hours when relatively moist air exists aloft. Usually found 
from the Mississippi Valley westward, nocturnal storms cover many square miles, and 
their effects may continue for hours at a given location. Severe thunderstorms are usu- 
ally associated with weather patterns, such as fronts, converging winds, and troughs 
aloft and are more intense than an airmass thunderstorm with wind gusts of 50 knots or 
more, hail 3/4 of an inch or more in diameter, 


and/or strong tornadoes. 


Thunderstorms may exist as a single cell airmass 
storm lasting less than one hour, or as a supercell 
severe thunderstorm lasting approximately two 


hours. A multicell storm is usually 


a cluster of air- 


mass thunderstorms in various stages of development. Because of the interaction of the various 
stages, the duration of a multicell storm is much longer than a single cell storm. [Figure 9-30] 
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Figure 9-30. A multicell thunderstorm may consist of all stages of a thunderstorm. A shelf cloud 


often indicates the rising air over the 
sity. 


gust front. The vertical lines represent precipitation inten- 
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The term frontal thunderstorm is sometimes used to refer to storms which are associated 
with frontal activity. Those storms that occur with a warm front are often obscured by 
stratiform clouds. You should expect thunderstorms when there is showery precipita- 
tion near a warm front. In a cold front, the cumulonimbus clouds are often visible in a 
continuous line parallel to the frontal surface. 
Occlusions can also spawn storms. A squall 
line is a narrow band of active thunderstorms 
which normally contains very severe weather. 
While it often forms 50 to 200 miles ahead of 
a fast-moving cold front, the existence of a 
front is not necessary for a squall line to form. 


Thunderstorms typically contain many severe weather hazards, such as lightning, 
hail, turbulence, gusty surface winds, and even tornadoes. These hazards are not 
confined to the cloud itself. For example, you can encounter turbulence in VFR condi- 
tions as far as 20 miles from the storm. It 
may help to think of a cumulonimbus cloud 
as the visible part of a widespread system of 
turbulence and other weather hazards. In 
fact, the cumulonimbus cloud is the most 
turbulent of all clouds. Indications of 
severe turbulence within the storm system 
include the cumulonimbus cloud itself, 
very frequent lightning, and roll clouds. 


Lightning is one of the hazards which is 
always associated with thunderstorms and is 
found throughout the cloud. While it rarely 
causes personal injury or substantial damage 
to the aircraft structure in flight, it can cause temporary loss of vision, puncture the 
aircraft skin, or damage electronic navigation and communications equipment. Your 
aircraft can also be struck by lightning when you are clear of the thunderstorm, but still 
in the vicinity. 


Hail is another thunderstorm hazard. You can encounter it in flight, even when no hail 
is reaching the surface. In addition, large hailstones have been encountered in clear air 
several miles from a thunderstorm. Hail can cause extensive damage to your aircraft in a 
very short period of time. 


Funnel clouds are violent, spinning columns 
of air which descend from the base of a 
cloud. Wind speeds within them may exceed 
200 knots. If a funnel cloud reaches the 
earth’s surface, it is referred to as a tornado. If 
it touches down over water, it is called a waterspout. [Figure 9-31] 


Figure 9-31. The diameter of most torna- 
does is between 300 and 2,000 feet, 
although there have been cases of torna- 
does reaching a mile in diameter. Wind 
speeds within a tornado can exceed 250 
knots. 
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D | How Lightning Forms 

| As a towering cumulus develops, a large electrical charge sep- 
aration builds up within the cloud. Lightning results when this 

electrical charge becomes strong enough to jump from the cloud to the 

ground, to another cloud, or to an opposite electrical charge within the 

same cloud. 


Although the process that creates lightning is not fully understood, it is 
enhanced substantially when the cloud grows above the freezing level. As 
the outer boundaries of water droplets start to freeze, positive ions, or par- 
ticles with a positive electrical charge, flow to the area of ice formation. 
This creates an outer shell which is positively charged and a center which is negatively charged. 


When the interior freezes and expands, it shatters the outer shell. The droplets can also be broken up by 
colliding with other particles. In either case, the lighter pieces are then carried in the updrafts to the top of 
the cloud. The heavier, negatively charged particles fall to the bottom of the cloud. This makes the top 

of the cloud have a net positive charge while the lower part has a net negative charge. 


+ 
7 As the negative charge builds at the bottom of the cloud, it repels 
© the negative charge on the earth’s surface. This leaves the area h 
below the cloud with a positive charge. This positive charged area | + 

acts like a shadow that follows the cloud as it moves. pul 

+ 
When the cloud has a very intense negative charge at its base, it seeks to neutralize itself by + 
discharging to a positive area. This discharge is what we see as lightning. When it discharges 
it goes to the most accessible opposite charge. This is usually within the cloud itself, or ES 
between clouds. At times, however, it goes from the cloud to the ground. 


Lightning begins when a negatively charged pilot leader descends from the cloud. 
This leader forms a conductive path approximately eight inches in diameter and from 
thirty-five to one hundred fifty feet long. At this point, the electrons in the cloud begin 
to descend down the path. This recharges the path and causes additional leaders to 
extend earthward. These leaders are called stepped leaders because they seek the 
most conductive path to the ground and may try several branches before the best is 
located. As the path is extended the electrons from the cloud extend further down- 
ward. 


The final stepped leader takes place a few feet above the earth where it is met by a 
rising positive flow from the surface. With the path completed, the positive ions on the 
earth can now flow to the cloud and neutralize the lower portion of the cloud . This 
upward flow is referred to as the return stroke and because it energizes the air mole- 
cules and illuminates the path, you see it as lightning. 


Before the path dissipates, the first stroke is followed by additional strokes which 
further neutralize the negative charges in the cloud. What appears to be a single 
lightning flash can actually be three or four strokes. The actual stroke of lightning 
takes less than a half second to occur and that includes the leaders and three or 
four return strokes. 


The peak current in the channel can reach ten thousand amps and the air in the 
channel can be heated to a temperature hotter than the surface of the sun. This 
causes the air in the path to expand violently, producing the sound waves we hear as 
thunder. 
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THUNDERSTORM AVOIDANCE 


When conditions permit, you should circumnavigate thunderstorms. Remember that 
hail and severe turbulence may exist well outside the storm cloud. During night opera- 
tions, lightning may provide a clue as to a storm’s location; however, lightning may not 
yet have developed in younger storms and may have ceased in older ones. Even without 
visible lightning, storms may still contain destructive turbulence or hail. The best 
approach during night operations or during flight under instrument conditions is to 
avoid areas where thunderstorms exist or are likely to develop. 


If the aircraft you are flying is equipped with a 
weather avoidance system, such as weather 
radar, you can use it to avoid thunderstorms. 
With radar, you should avoid intense thunder- 
storm echoes by at least 20 miles. [Figure 9-32] 


Figure 9-32. A general recommendation is that 
you should not fly between intense radar echoes 
unless they are at least 40 miles apart. 


Avoid intense radar echoes by at least 20 
miles and do not fly between them if they 
are less than 40 miles apart. 


© 


Airborne weather radar is designed for avoiding severe weather, not for penetrating it. 
Weather radar detects drops of precipitation; it does not detect minute cloud droplets. 
Therefore, it should not be relied on to avoid 
instrument weather associated with clouds and 
fog. Also, be sure you are familiar with the 
operation of the systems and the manufacturer’s 
recommendations appropriate to your system. 


TURBULENCE 


In addition to turbulence in and near thunderstorms, three other categories of turbu- 

lence affect aviation operations: low-level turbulence, clear air turbulence, and 

mountain wave turbulence. The effects of turbulence can vary from occasional light 

bumps to severe jolts which can cause personal injury to occupants and/or structural 

damage to the airplane. If you enter turbulence unexpectedly, unintentionally enter 

a thunderstorm, or expect that you may encounter it during flight, slow the airplane 

to maneuvering speed (V4) or less, or the recommended rough air penetration speed. 

Then, attempt to maintain a level flight attitude and accept variations in airspeed 

and altitude. This helps avoid the high structural loads that may be imposed on the 

aircraft if you try to maintain a precise airspeed and altitude. If you encounter tur- 

bulent or gusty conditions during an 

| If you encounter turbulence during flight, approach to a landing, you should consider 

rt) establish maneuvering or penetration flying a power-on approach and landing at 
speed, maintain a level flight attitude, and 

accept variations in airspeed and altitude. 


Airborne weather radar provides no assur- 
ance of avoiding IFR weather conditions. 


CRU NIT ON, 


an airspeed slightly above the normal 
approach speed. This helps to stabilize the 
aircraft, which gives you more control. 


LOW-LEVEL 


When turbulence is encountered during 
Rd the approach to a landing, it is recom- 
mended that you increase the airspeed 


slightly above normal approach speed to attain more 
positive control. 


TURBULENCE 

While low-level turbulence (LLT) is often 
defined as turbulence below 15,000 feet MSL, 
most low-level turbulence originates due to sur- 
face heating or friction within a few thousand 
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feet of the ground. LLT includes mechanical turbulence, convective turbulence, frontal 
turbulence, and wake turbulence. 


MECHANICAL TURBULENCE 

When obstacles such as buildings or rough terrain interfere with the normal wind flow, 
turbulence develops. This phenomenon, referred to as mechanical turbulence, is often 
experienced in the traffic pattern when the wind forms eddies as it blows around 
hangars, stands of trees, or other obstructions. As the winds grow stronger, mechanical 
turbulence extends to greater heights. For example, when surface winds are 50 knots or 
greater, significant turbulence due to surface effects can reach altitudes in excess of 3,000 
feet AGL. [Figure 9-33] 


Figure 9-33. Mechanical 
turbulence is produced 
downwind of obstructions 
such as a line of trees, 
buildings, and hills. 


Mechanical turbulence also occurs when strong winds flow nearly perpendicular 
to steep hills or mountain ridges. In comparison with turbulence over flat ground, 
the relatively larger size of the hills produce greater turbulence. In addition, steep 
hillsides generally produce stronger turbulence because the sharp slope encourages 
the wind flow to separate from the surface. Steep slopes on either side of a valley 
can produce particularly dangerous turbulence for aircraft operations. 


CONVECTIVE TURBULENCE 

Convective turbulence, which is also referred to as thermal turbulence, is typically a 
daytime phenomena which occurs over land in fair weather. It is caused by currents, 
or thermals, which develop in air heated by contact with the warm surface below. This 
heating can occur when cold air is moved horizontally over a warmer surface or when 
the ground is heated by the sun. When the air is moist, the currents may be marked by 
build-ups of cumulus cloud formations. In some cases, you can find relief from this 
turbulence by climbing into the capping stable layer which begins at the top of the 
convective layer. This can sometimes be identified by a layer of cumulus clouds, haze, 
or dust. [Figure 9-34] 
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Figure 9-34. By climbing into the capping stable layer, you may be able to find relief from con- 
vective turbulence. The height of the capping layer is typically a few thousand feet above the 
9-36 ground, although it can exceed 10,000 feet AGL over the desert in the summer. 
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FRONTAL TURBULENCE 

Frontal turbulence occurs in the narrow zone just ahead of a fast-moving cold front 
where updrafts can reach 1,000 f.p.m. When combined with convection and strong 
winds across the front, these updrafts can produce significant turbulence. Over flat 
ground, any front moving at a speed of 30 knots or more generates at least a moderate 


amount of turbulence. A front moving over rough terrain produces moderate or greater 
turbulence, regardless of its speed. 


WAKE TURBULENCE 


Whenever an airplane generates lift, air spills over the wingtips from the high pressure 
areas below the wings to the low pressure areas above them. This flow causes rapidly 
rotating whirlpools of air called wingtip vortices, or wake turbulence. The intensity of 
the turbulence depends on aircraft weight, speed, and configuration. [Figure 9-35] 


Figure 9-35. Wake vortices are created when lift is generated by the wing of an aircraft. 


The greatest wake turbulence danger is pro- 
duced by large, heavy aircraft operating at low 
speeds, high angles of attack, and in a clean 
configuration. Since these conditions are most 
closely duplicated on takeoff and landing, you 
should be alert for wake turbulence near airports used by large aircraft. In fact, wingtip 
vortices from large commercial jets can induce uncontrollable roll rates in smaller 
aircraft. Although wake turbulence settles, 
it persists in the air for several minutes, 
depending on wind conditions. In light 
winds of three to seven knots, the vortices may 
stay in the touchdown area, sink into your 
takeoff or landing path, or drift over a parallel 
runway. The most dangerous condition for 
landing is a light, quartering tailwind. It can move the upwind vortex of a landing aircraft 
over the runway and forward into the touchdown zone. 


If you are in a small aircraft approaching to land 
behind a large aircraft, controllers must ensure 
adequate separation. However, if you accept a 
clearance to follow an aircraft you have in sight, 
the responsibility for wake turbulence avoidance 
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is transferred from the controller to you. On takeoff, controllers provide a two-minute 
interval behind departing heavy jets (three minutes for intersection takeoffs or takeoffs 
in the opposite direction on the same runway). You may waive these time intervals if you 
wish, but this is not a wise procedure. [Figure 9-36] 


pat 


Figure 9-36. Maintaining a safe distance from a large aircraft can be critical. If a heavy aircraft 
is at your altitude and crosses your course, you should remain slightly above the path of the jet. 


Jet engine blast is a related hazard. It can dam- 
age or even overturn a small airplane if it is 
encountered at close range. To avoid excessive 
jet blast, you must stay several hundred feet 
behind a jet with its engines operating, even 
when it is at idle thrust. 


As shown in figure 9-36, you should avoid 
D the area below and behind an aircraft gen- 
erating wake turbulence, especially at low 
altitude where even a momentary wake encounter 
could be hazardous. — 


In a slow hover-taxi or stationary hover near the surface, helicopter main rotor(s) generate 
downwash producing high velocity outwash vortices to a distance approximately three 
times the diameter of the rotor. When rotor downwash hits the surface, the resulting out- 
wash vortices have behavioral characteristics similar to wingtip vortices produced by fixed 
wing aircraft. However, the vortex circulation is outward, upward, around, and away from 
the main rotor(s) in all directions. If piloting a small aircraft, you should avoid operating 
within three rotor diameters of any helicopter in a slow hover-taxi or stationary hover. In 
forward flight, departing or landing helicopters produce a pair of strong, high-speed trailing 
vortices similar to the wingtip vortices of large fixed wing aircraft. As with large airplanes, 
use caution when operating behind or crossing behind landing or departing helicopters. 
[Figure 9-37] 


CLEAR AIR TURBULENCE 


Clear air turbulence (CAT) is commonly thought of as a high altitude phenomenon. It 
usually is encountered above 15,000 feet, however, it can take place at any altitude 
and is often present with no visual warning. While its name suggests that it cannot 
occur except in clear skies, CAT can also be present in nonconvective clouds. Clear air 
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Figure 9-37. Avoid hovering or slow moving 
helicopters by at least a distance equal to 
three rotor diameters. Landing and departing 
helicopters produce the same vortex circula- 
tion as a large airplane. 


Vortex circulation generated by heli- 
copters in forward flight trail behind in a 

manner similar to wingtip vortices gener- 
ated by airplanes. l 


Hover 
Takeoff / Approach 


turbulence may be caused by 
the interaction of layers of air 
with differing wind speeds, 


convective currents, or JA 
obstructions to normal wind PA p= 


Rotor 
Tip Vortex 


flow. It often develops in or 
near the jet stream, which is a 
Downwash Pattern 
Equidistant - 360° 


narrow band of high altitude 
winds near the tropopause. 
CAT tends to be found in thin 
layers, typically less than 2,000 feet deep, a few tens of miles wide and more than 50 
miles long. CAT often occurs in sudden bursts as aircraft intersect thin, sloping turbulent 
layers. [Figure 9-38] 


Figure 9-38. Clear air turbulence can form when a layer of air slides over the top of another, rel- 
atively slower moving layer. Eventually, the difference in speed may cause waves and, in some 
cases, distinctive clouds to form. 


Jet streams can sometimes be identified by long 

streams of cirrus cloud formations or high, 

Turbulence that is encountered above windswept looking cirrus clouds. The turbu- 
| 15,000 feet AGL that is not associated with lence associated with a jet stream can be very 
 cumuliform cloudiness, including thunder- strong, and because it often occurs in clear air, it 
are reported as clear air turbulence. is difficult to forecast accurately. As a rule of 
) —— thumb, clear air turbulence can be expected 
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Figure 9-39. This is a cross section of a ao 
polar jet stream core. Note the wind I 
speed gradient, shown by the spacing of 60,000" ! j 
the isotachs, or lines of equal wind P M 
velocity, is much stronger on the polar 
side of the jet. For this reason, wind 
shear or CAT is usually greater in an 
upper trough on the polar side. Precise 
analysis of the jet stream core is not pos- 
sible, so you should anticipate CAT 2 


; Shy a ee 
whenever you are near a jet stream Polar Tropop2 


—40°: — 
20,000' 


when a curving jet is found 
north of a deep low pressure 
system. It can be particularly 
violent on the low pressure 
side of the jet stream when the wind speed at the core is 110 knots or greater. [Figure 9-39] 
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Where’s the CAT? 


On flights conducted under FAR Part 121, passengers are only required to have their seat belts fastened during take- 
off and landing, and when the pilot in command instructs them to buckle up. However, there are compelling reasons to 
keep your seat belt fastened throughout any flight. One important reason is the potential for sudden, severe CAT, and, in the inter- 
est of further increasing airline safety, researchers are looking for ways to detect and predict the presence of CAT far enough 
ahead so that pilots can avoid the worst areas. 


NCAR, in association with NOAA, NASA and other industry leaders, has developed a system that can detect the wind patterns 
that are associated with CAT before the airplane on which it is installed reaches the turbulent area. Airborne Coherent LIDAR (for 
Light Detection and Ranging) uses a form of laser technology to measure changes in the velocity of particles in the air up to 10 
miles ahead, giving pilots up to 45 seconds to plan for the encounter, or to steer around it, if possible. [Figure A] At the present 


if light reflected off of naturally $ 
occurring dust particles. 


The outgoing beam consists ff 
of a 50-100 meter pulse that 
is transmitted 100 to 200 
times per second. 


Pulse Envelope (50-100 m) 


10-20 cm 


Relative wind induces a 
Doppler frequency shift in the 
reflected light; this shift is 
detected by the sensor. 


Infrared Doppler 
Turbulence Sensor 


time, pilots are able to access CAT forecasts on the Internet through NOAA's 
website (http://orbit-net.nesdis.noaa.gov). These forecasts are issued for 12 and 
24 hours and are valid for altitudes from FL 300 to 350. [Figure B] 


As a general aviation pilot, you may find comfort in the fact that severe CAT is 
most often found at altitudes above FL 300. However, you can take a cue from the 
airlines and ask that your passengers keep their seat belts fastened throughout 

the flight. Until more is known, it is hard to tell where CAT may lurk. S) 
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Clear air turbulence has become a very serious 
operational factor to flight operations at all lev- 
els and especially to aircraft flying in excess of 
15,000 feet. The best available information on 
this phenomena comes from pilots via the 
PIREP reporting procedures. All pilots encoun- 
tering CAT conditions are urgently requested to report the time, location and intensity of 
the CAT to the FAA facility with which they are maintaining radio contact. 


MOUNTAIN WAVE TURBULENCE 


When stable air crosses a mountain barrier, the airflow is smooth on the windward side. Wind 
flow across the barrier is laminar — that is, it tends to flow in layers. The barrier may set up 
waves, called mountain waves. In order for mountain waves to form, the wind speed at the 
summit must be at least 20 knots. In addition, the 
wind direction should be within 30° perpendicu- 
lar to the range. Lift diminishes as the winds more 
nearly parallel the range. Wind speeds in excess of 
40 knots can create very strong turbulence. The 
wave pattern may extend 100 miles or more down- 
wind, and the crests may extend well above the 
highest peaks. Below the crest of each wave is an 
area of rotary circulation, or a rotor, which forms 
below the mountain peaks. Both the rotor and the 
waves can create violent turbulence. 


If sufficient moisture is present, characteristic 
clouds warn you of the mountain wave. A rotor 
cloud (sometimes called a roll cloud) may form in 
the rotors. The crests of the waves may be marked 
by lens-shaped, or lenticular, clouds. Although the 
winds within the clouds may be 50 knots or 
greater, the clouds may appear stationary because 
they form in updrafts and dissipate in downdrafts. 
Because of this, they are sometimes referred to as standing lenticulars. Another cloud, which 
may signal the presence of mountain wave turbulence, is called a cap cloud. In some 
instances, cap clouds may obscure the mountain peaks. [Figure 9-40] 


Figure 9-40. Mountain waves can 
create significant turbulence particu- Cap Cloud 
larly along the lee slopes of the 
mountain, below the first lee wave 
trough, and in the rotor. nets blows 


Rotor Cloud 
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When conditions indicate a possible mountain wave, it is recommended that you fly at 
least 3,000 to 5,000 feet above the peaks. You should also climb to the selected altitude 
while approximately 100 miles from the range, depending on wind and aircraft perfor- 
mance. Another consideration is that you should approach the ridge from a 45° angle to 
permit a safer retreat if turbulence becomes too severe. If winds at the planned flight alti- 
tude exceed 30 knots, the FAA recommends against flight over mountainous areas in 
small aircraft. Since local conditions and aircraft performance vary widely, you should 
consider scheduling a thorough checkout by a qualified flight instructor if you plan on 
flying in mountainous terrain. 


REPORTING TURBULENCE 

You are encouraged to report encounters with turbulence, including the frequency and 
intensity. Turbulence is considered to be occasional when it occurs less than one-third 
of a given time span, intermediate when it covers one-third to two-thirds of the time, and 
continuous when it occurs more than two-thirds of the time. You can classify the inten- 
sity using the following guidelines: 


Light — Slight erratic changes in altitude or attitude; slight strain against seat belts. Light 
chop is slight, rapid bumpiness without appreciable changes in altitude or attitude. 


Moderate — Changes in altitude or attitude, but the aircraft remains in positive control 
at all times; usually causes variations in indicated airspeed; occupants feel definite 
strains against seat belts. Moderate chop is rapid bumps or jolts without appreciable 
changes in altitude or attitude. 


Severe — Large abrupt changes in altitude or attitude; usually causes large variations in 
indicated airspeed; aircraft may be momentarily out of control; occupants forced vio- 


lently against seat belts. 


Extreme — Aircraft practically impossible to control; may cause structural damage. 


WIND SHEAR 


Wind shear is a sudden, drastic shift in wind speed and/or direction that occurs over a 
short distance at any altitude in a vertical or horizontal plane. It can subject your aircraft 
to sudden updrafts, downdrafts, or extreme horizontal wind components, causing loss of 
lift or violent changes in vertical speeds or altitudes. Wind shear can be associated with 
convective precipitation, a jet stream, or a 
frontal zone. Wind shear also can materialize 
during a low-level temperature inversion when 
cold, still surface air is covered by warmer air 
which contains winds of 25 knots or more at 
2,000 to 4,000 feet above the surface. 


Generally, wind shear is most often associated 
with convective precipitation. While not all pre- 
cipitation-induced downdrafts are associated 
with critical wind shears, one such downdraft, 
known as a microburst, is one of the most danger- 
ous sources of wind shear. Microbursts are small- 
scale intense downdrafts which, on reaching the 
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surface, spread outward in all directions from the downdraft center. This causes the 
presence of both vertical and horizontal wind shear that can be extremely hazardous to 
all types and categories of aircraft, especially when within 1,000 feet of the ground. 


A microburst downdraft is typically less than 1 mile in diameter as it descends from 
the cloud base to about 1,000 to 3,000 feet above the ground. In the transition zone 
near the ground, the downdraft changes to a horizontal outflow that can extend to 
approximately 2-1/2 miles in diameter. The downdrafts can be as strong as 6,000 
feet per minute. Horizontal winds near the surface can be as strong as 45 knots 
resulting in a 90 knot shear as the wind changes to or from a headwind across the 
microburst. These strong horizontal winds occur within a few hundred feet of the 
ground. An individual microburst seldom lasts longer than 15 minutes from the 
time it strikes the ground until dissipation. 


An important consideration for pilots, is that a microburst intensifies for about 5 minutes 
after it first strikes the ground, with the maximum intensity winds lasting approximately 
2 to 4 minutes. Sometimes microbursts are concentrated into a line structure and, under 
these conditions, activity may continue for as long as an hour. Once microburst activity 
starts, multiple microbursts in the same general area are not uncommon and should be 
expected. [Figure 9-41] 


Strong Downdraft 


Increasing Headwind 


Outflow 


Figure 9-41. During a takeoff into a microburst, an aircraft first experiences a headwind which increases 
performance without a change in pitch and power (position 1). This is followed by a decreasing headwind 
and performance, and a strong downdraft (position 2). Performance continues to deteriorate as the wind 
shears to a tailwind in the downdraft (position 3). The most severe downdraft will be encountered between 
positions 2 and 3, which may result in an uncontrollable descent and impact with the ground (position 4). 


An aircraft that encounters a headwind of 45 
knots within a microburst may expect a g 
shear across the microburst of 90 knots. 

ee s 


ation. The maximum downdrafts 
a microburst may be as strong as 6,000 


i 


p 
The performance of an aircraft changes 
drastically as it flies through a microburst. i 
See figure 9-41. j 
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On an approach, you should monitor the power 
and vertical velocity required to maintain the 
glide path. If you encounter an unexpected wind 
shear during an approach, it may be difficult to 
stay on the glide path at normal power and 
descent rates. If there is ever any doubt that you 
can regain a reasonable rate of descent and land 
without abnormal maneuvers, you should apply 
full power and make a go-around or missed approach. [Figure 9-42] 


- Figure 9-42. This table reflects 
the recommendations of the 
Federal Aviation Administration 
should you encounter wind shear 
To From Tu during a stabilized landing 
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If you encounter a wind shear on an approach or departure, you are urged to promptly 
report it to the controller. An advanced warning of this information can assist other 
pilots in avoiding or coping with a wind shear on approach or departure. When describ- 
ing conditions, avoid using the terms “negative” or “positive” wind shear. PIREPS of 
“negative wind shear on final” intended to describe loss of airspeed and lift, have been 
interpreted to mean that no wind shear was encountered. The recommended method for 
wind shear reporting is to state the loss or 
gain of airspeed and the altitudes at which it 
was encountered. “Tulsa Tower, American 
721 encountered wind shear on final, gained 
25 knots between 600 and 400 feet, followed 
by a loss of 40 knots between 400 feet and 
surface.” If you are unable to report wind shear in these specific terms, you are encour- 
aged to make reports in terms of the effect upon your aircraft. “Miami Tower, Gulfstream 
403 Charlie encountered an abrupt wind shear at 800 feet on final, max thrust required.” 


With frontal activity, the most critical period for wind shear is either just before or just 
after frontal passage. With a cold front, wind shear occurs just after the front passes and 
for a short time afterward. Studies indicate the amount of wind shear in a warm front is 
generally much greater than in a cold front. The 
wind shear in a warm front may last for approx- 
imately six hours. The most critical period is 
before the front passes; the problem ceases to 
exist after it passes. 
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LOW-LEVEL WIND SHEAR ALERT 
SYSTEM 


To help detect hazardous wind shear associated with microbursts, low-level wind shear 
alert systems (LLWAS) have been installed at many airports. The LLWAS uses a system 
of anemometers placed at strategic locations around the airport to detect variances in the 
wind readings. Many systems operate by sending individual anemometer readings every 
10 seconds to a central computer which evaluates the wind differences across the air- 
port. A wind shear alert is usually issued if one reading differs from the average by at 
least 15 knots. If you are arriving or departing from an airport equipped with LLWAS, 
you will be advised by air traffic controllers if an alert is posted. You also will be pro- 
vided with wind velocities at two or more of the sensors. Consult the Airport/Facility 
Directory listings to determine if an airport has LLWAS. 


TERMINAL DOPPLER WEATHER RADAR 
In addition to LLWAS, terminal doppler weather radar (TDWR) systems are being 
installed at airports with high wind shear potential. These radar systems use a more 
powerful and narrower radar beam than conventional radar. The TDWR can provide a 
clearer, more detailed picture of thunderstorms which allows for better probability of 
predicting the presence of wind shear. 


WEATHER SYSTEMS PROCESSOR 


The weather systems processor (WSP) provides the controller, and ultimately the pilot, 
with the same products as the terminal doppler weather radar at a fraction of the cost of 
a TDWR. This is accomplished by utilizing new technologies to access the weather can- 
nel capabilities of an existing ASR-9 radar located on or near the airport, thus 
eliminating the requirements for a separate radar location. 


IN-FLIGHT VISUAL INDICATIONS 


In areas not covered by LLWAS or TDWR, you may only be able to predict the pres- 
ence of wind shear using visual indications. In humid climates where the bases of 
convective clouds tend to be low, wet microbursts are associated with a visible rain- 
shaft. In the drier climates of the deserts and mountains of 
the western United States, the higher thunderstorm cloud 
bases result in the evaporation of the rainshaft producing a 
dry microburst. The only visible indications under these 
conditions may be virga at the cloud base and a dust ring on 
the ground. It’s important to note 
that since downdrafts can spread 
horizontally across the ground, 
low-level wind shear may be 
found beyond the boundaries of 
the visible rainshaft. You should 
avoid any area which you suspect 
could contain a wind shear haz- 
ard. [Figure 9-43] 


Figure 9-43. A visible rainshaft or virga indicates 
the possibility of a microburst. 


LOW VISIBILITY 


One of the most common aviation weather hazards is low visibility. As a pilot, you usually 
are concerned with two types of visibility — prevailing visibility and flight visibility. As 
you already know, prevailing visibility represents the greatest horizontal surface distance 
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an observer can see and identify objects through at least half of the horizon. This is the vis- 
ibility which is found in aviation routine weather reports (METARs). Flight visibility is 
defined as the average forward horizontal distance, from the cockpit of an aircraft in flight, 
at which prominent unlighted objects may be seen and identified by day and prominent 
lighted objects may be seen and identified by night. However, your most practical concern 
in flight operations often is slant-range visibility. The slant-range visibility may be greater 
or less than the surface horizontal visibility, depending on the depth of the surface condi- 
tion. Slant-range visibility is important in the approach zone when you are landing from 
an instrument approach. Horizontal visibility at the surface is most important during IFR 
takeoff operations. Poor visibility creates the greatest hazard when it exists together with a 
low cloud ceiling. 


CHAPTER 9 


RESTRICTIONS TO VISIBILITY 
Particles which can absorb, scatter, and reflect light are always present in the atmos- 
phere. The fact that the amount of particles in the air varies considerably explains why 
visibility is better on some days than on others. Restrictions to visibility can include fog, 
haze, smoke, smog, and dust. Fog requires both 
sufficient moisture and condensation nuclei on i s 
Industrial areas typically produce more fog 
which the water vapor can condense. It is more 2} í l , 3 
ae : since they have more condensation nuclei. 
prevalent in industrial areas, due to an abun- 
dance of condensation nuclei. One of the most 
hazardous characteristics of fog is its ability to 
form rapidly. It can completely obscure a runway in a matter of minutes. 


Fog is classified according to the way it forms. Radiation fog, also known as ground fog, is 
very common. It forms over fairly level land areas on clear, calm, humid nights. As the sur- 
face cools by radiation, the adjacent air is also 
cooled to its dewpoint. Radiation fog usually 
occurs in stable air associated with a high pres- 
sure system. As early morning temperatures on clear, calm nights when the air is 
increase, the fog begins to lift and usually burns moist and there is a small tempera- 
off by mid-morning. If higher cloud layers form ture/dewpoint spread. — 

over the fog, visibility will improve more slowly. 

[Figure 9-44] 


Radiation fog forms over fairly flat land 


Advection fog is caused when a low layer of 
warm, moist air moves over a cooler surface, Figure 9-44. Radiation fog usually burns off by mid-morning. 
which may be either land or water. It is most 
common under cloudy skies along coast- 
lines, where sea breezes transport air from 
the warm water to cooler land. Winds up to 
15 knots will intensify the fog. Above 15 
knots, turbulence creates a mixing of the air, 
and the fog usually lifts sufficiently to form 
low stratus clouds. Advection fog is usually 


Advection fog can appear suddenly during 
the day or night and is more persistent than 
radiation fog. 


Advection fog is most likely to form in 
coastal areas when moist air moves over 
colder ground or water. 
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more persistent and extensive than radiation 
fog and can form rapidly during day or night. 
It commonly forms in winter when airmasses 
move inland from the coasts. Upslope fog 
forms when moist, stable air is forced up a 
sloping land mass. Like advection fog, upslope fog can form in moderate to strong 
winds and under cloudy skies. 


_ Surface winds stronger than 15 knots tend 
| to dissipate or lift advection fog into low 
stratus clouds. 


Precipitation-induced fog may form when warm 
rain or drizzle falls through a layer of cooler air 
near the surface. Evaporation from the falling 
precipitation saturates the cool air, causing fog 
to form. This fog can be very dense, and usually 
does not clear until the rain moves out of the area. This type of fog may extend over large 
areas, completely suspending most air operations. It is most commonly associated with 
warm fronts, but can occur with slow moving cold fronts and stationary fronts. 


Advection fog and upslope fog are both 
| dependent upon wind for their formation. 


Steam fog occurs as cool air moves over Precipitation-induced fog is most com- 
warmer water. It rises upward from the Ph monly associated with warm fronts and is 
water’s surface and resembles rising smoke. aH a resultiof saturation due to evaporation 
[Figure 9-45] Ice fog occurs in cold weather 6 prec pitation: j 

when the temperature is much below freez- 

ing and water vapor sublimates directly as 

ice crystals. Conditions favorable for its formation are the same as for radiation fog 
except for cold temperatures, usually -32°C (-25°F) or colder. It occurs mostly in the 
Arctic regions, but can occur in the middle latitudes during the cold season. Ice fog can 

be quite blinding to pilots flying into the sun. 


d Fogs differ as to the location where they 
form. For example, radiation fog is = 
"restricted to land areas, advection fog is 
most common along coastal areas, and steam fog 
forms over a water surface. ITOO , 


Haze, smoke, smog, and blowing dust or 
snow can also restrict your visibility. Haze is 
caused by a concentration of very fine dry 
particles. Individually, they are invisible to 
the naked eye, but in sufficient numbers, can 
restrict your visibility. Haze parti- 

cles may be composed of a variety pews 

of substances, such as salt or dust ` 
particles. It occurs in stable atmos- | 
pheric conditions with relatively 
light winds. Haze is usually no 
more than a few thousand feet 
thick, but it may occasionally 
extend to 15,000 feet. Visibility 
above the haze layer is usually 
good; however, visibility through 
the haze can be very poor. Dark 
objects tend to be bluish, while 
bright objects, like the sun or distant 
lights, have a dirty yellow or red- 
dish hue. Haze can also create the 
illusion of being at a greater dis- 
tance than actual from a runway, Figure 9-45. As warm water evaporates and saturates a thin layer 
causing you to fly a lower approach. of cold air above the water, steam fog can form. 


Smoke is the suspension of combustion particles in the air. The impact of smoke on 
visibility is determined by the amount of smoke produced, wind velocity, diffusion by 
turbulence, and distance from the source. You can often identify smoke by a reddish 
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sky as the sun rises or sets, and an orange-colored sky when the sun is well above the 
horizon. When smoke travels distances of 25 miles or more, large particles fall out and 
the smoke tends to become more evenly distributed, giving the sky a grayish or bluish 
appearance, similar to haze. 


Smog, which is a combination of fog and smoke, can create very poor visibility over a 
large area. In some geographical areas, topographical barriers, such as mountains, may 
combine with stable air to trap pollutants. This results in a build-up of smog, further 
reducing visibility. 


Dust refers to fine particles of soil suspended in 
the air. When the soil is loose, the winds are 
strong, and the atmosphere is unstable, dust may 
be blown for hundreds of miles. Dust gives a tan 
or gray tinge to distant objects while the sun may 
appear as colorless, or with a yellow hue. 
Blowing dust is common in areas where dry land 
farming is extensive, such as the Texas panhandle. 


VOLCANIC ASH 


While lava from volcanoes generally threatens areas only in the immediate vicinity of the 
volcano, the ash cloud can affect a much more widespread area. Volcanic ash, which consists 
of gases, dust, and ash from a volcanic eruption, can spread around the world and remain in 
the stratosphere for months or longer. Due to its highly abrasive characteristics, volcanic ash 
can pit the aircraft windscreens and landing lights to the point they are rendered useless. 
Under severe conditions, the ash can clog pitot-static and ventilation systems as well as 
damage aircraft control surfaces. Piston aircraft are less likely than jet aircraft to lose power 
due to ingestion of volcanic ash, but severe damage is possible, especially if the volcanic 
cloud is only a few hours old. If you suspect that you are in the vicinity of an ash cloud you 
should attempt to stay upwind. If you inadvertently enter a volcanic ash cloud you should 
not attempt to fly straight through or climb out of the cloud since an ash cloud may be 
hundreds of miles wide and extend to great heights. You should reduce power to a minimum, 
altitude permitting, and reverse course to escape the cloud. [Figure 9-46] 


Restrictions to visibility, such as haze, cre- 
ate the illusion of being at a greater dis- 
tance above the runway, causing pilots to 
fly a lower approach. 


Figure 9-46. A volcanic ash cloud 
may not be easily distinguishable 
from ordinary clouds when 
approached from a distance. 
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ICING 


There are two general types of icing with which you must be familiar — induction and 
structural. Induction icing includes carburetor icing as well as air intake icing. Carburetor 
icing forms in the carburetor venturi. It is most likely to occur when the outside air tempera- 
ture is between approximately -7°C (20°F) and 21°C (70°F) and relative humidity is above 
80%. Some aircraft may have a carburetor air temperature gauge to help detect potential 
carburetor icing conditions. A typical gauge is marked with a yellow arc between -15° and 
+5° Celsius. The yellow arc indicates the carburetor temperature range where carburetor 
icing can occur. However, it is dangerous for the indicator to be in the yellow arc only if the 
moisture content of the air, as well as the air temperature, is conducive to ice formation. 
Carburetor heat should be used as recommended in the pilot’s operating handbook. 


Air intake icing, like airframe icing, usually requires the aircraft surface temperature to 
be 0°C (32°F) or colder with visible moisture present. However, it also can form in clear 
air when relative humidity is high and temperatures are 10°C (50°F) or colder. 


Structural icing builds up on any exposed surface of an aircraft, causing a loss of lift, an 
increase in weight, and control problems. There are two general types — rime and clear. 
Mixed icing is a combination of the two. Rime ice normally is encountered in stratus 
clouds and results from instantaneous freezing of tiny water droplets striking the aircraft 
surface. It has an opaque appearance caused by air being trapped in the water droplets as 
they freeze. The major hazard of rime ice is its ability to change the shape of an airfoil and 
destroy lift. Since rime ice freezes instantly, it builds up on the leading edge of airfoils, 
but it does not flow back over the wing and tail surfaces. Clear ice may develop in areas 
of large water droplets which are found in cumulus clouds or in freezing rain beneath a 
warm front inversion. Freezing rain means there is warmer air at higher altitudes. When 
the droplets flow over the aircraft structure and slowly freeze, they can glaze the aircraft’s 
surfaces. Clear ice is the most serious of the 
various forms of ice because it has the fastest If you ¢ encounter rain 
the aircraft, and is more difficult to remove “ing come higher altitude. P 
than rime ice. — = 


The effects of ice buildup on aircraft are 


cumulative. Ice increases drag and weight, R reezing ra rain is man 
and decreases lift and thrust. Tests have ‘tetanic — 
shown that ice, snow, or frost with a thickness is lan E 


and roughness similar to medium or coarse 
sandpaper on the leading edge and upper surface of a wing can reduce lift by as much as 
30% and increase drag by 40%. These changes in lift and drag significantly increase the 
stalling speed and reduce the angle of attack at which the airplane stalls. If you 
encounter icing, you must quickly alter your course or altitude to maintain safe flight. In 
extreme cases, two to three inches of ice can 


than five minutes. _ roughness of sandpaper can reduce 


30% and increase drag by 40%. 


5 : ‘ p 
form on the leading edge of an aircraft in less D ANAE ae p the thickness x 
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Two conditions are necessary for a substantial 
accumulation of ice on an aircraft. First, the air- 
craft must be flying through visible moisture, such as rain or clouds. Second, the temperature 
of the water or of the aircraft must be 0°C (32°F) or lower. Keep in mind that aerodynamic 
cooling can lower the temperature of an airfoil to 0°C, even though the ambient temperature 
is a few degrees warmer. 


When water droplets are cooled below the freezing temperature, they are in a supercooled 
state. They turn to ice quickly when disturbed by an aircraft passing through them. Clear 
icing is most heavily concentrated in cumuliform clouds in the range of temperature from 
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0°C to -10°C, (32°F to 14°F) usually from altitudes near the freezing level to 5,000 feet above 

the freezing level. However, you can encounter clear icing in cumulonimbus clouds with 

temperatures as low as -25°C (-13°F). In addition, supercooled water and icing have been 

encountered in thunderstorms as high as 40,000 

— feet, with temperatures of -40°C (-40°F). Small 

e e a A supercooled water droplets also can cause rime 

Rd eee cela. icing in stratiform clouds, although rime does 

not usually accumulate as fast as clear ice. 

Continuous icing can be expected in stratiform 

clouds in the temperature range from 0°C to -20°C (32°F to -4°F). You are least likely to 

encounter icing in the high cloud family, since these clouds are composed mainly of ice 

crystals. Icing may also occur as a mixture of both rime and clear. This commonly is the case 
with frontal systems which can produce a wide variety of icing conditions. [Figure 9-47] 
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Figure 9-47. This profile of a warm front shows the typica! icing areas. At position 1, rime ice 
is possible when you are flying in snow falling from stratus clouds. Wet snow also could be 
encountered below the freezing level. As you proceed under the warm front at position 2, 
you may encounter ice pellets formed by raindrops which have frozen while falling through 
colder air. Ice pellets normally do not adhere to an aircraft; however, they always indicate 
there is freezing rain at a higher altitude. The level of the freezing rain will be lower as you fly 
under the frontal zone. You should anticipate icing from freezing rain or drizzle at position 3. 
The area of freezing rain may be quite narrow, or it may extend for several miles. You should 
expect a mixture of rime and clear ice at position 4. If you are flying in the upper level of 
clouds associated with this warm front where the temperatures are far below freezing, rime 
ice is the predominant type of icing you will encounter at position 5. 


ESTIMATING FREEZING LEVEL 


Knowing the location of the freezing level is important when you select a cruising alti- 
tude for an IFR flight. You can estimate the freezing level by using temperature lapse 
rates. The standard, or average, temperature 
lapse rate is approximately 2°C (3.5°F) per 1,000 
feet. If the surface temperature is 60°F, subtract The presence of ice pellets indicates a 
32°F and divide by 3.5°F to determine the freez- Rd warm front is about to pass and that freez- 
ing level (60 - 32 = 28 + 3.5 = 8). This means the ing rain probably exists at a higher altitude. 
freezing level is approximately 8,000 feet AGL, See figure 9-47. æ 
assuming the actual lapse rate is close to 3.5°F. 
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AVOIDING ICE 
ENCOUNTERS 


Obviously, you should avoid areas where 
icing is forecast or expected. If you uninten- 
tionally get into an icing situation without ice 
removal equipment, there usually are only 
limited courses of action available. Also, remember that you must obtain approval from 
ATC if you need to make a diversion while operating on an IFR flight plan. When you 
encounter icing while flying in stratiform clouds, you can climb or descend out of the 
visible moisture or to an altitude where the temperature is above freezing or lower than 
-10°C (14°F), 


Assuming a standard lapse rate, if the tem- 
perature is +8°C at an elevation of 1,350 
ky the apprormatt gerne level is 5, 350 
"e sae 4 or 4,000 + 1,350 = 5,350 feet). 


If you encounter cumuliform clouds and suspect icing conditions, a simple change of 
course may be the best action. If this is impractical, descend to a lower altitude to avoid 
the ice. Overflying developed cumuliform clouds may be beyond the performance capa- 
bility of your aircraft. Your remaining option is a 180° turn, which in some cases is the 
best choice. 


If you encounter freezing rain, you must take immediate action. One option is to climb 
into the warmer air above. If you choose to do this, start the climb at the earliest possible 
moment. Otherwise, you may not have enough power to reach a higher altitude, because 
ice buildup quickly degrades your aircraft’s performance. Also, if the frontal surface 
slopes up in the direction of your flight, you may not be able to climb fast enough to 
reach the warm air. Other options include making a 180° turn and reversing course or 
descending to a lower altitude. You may choose to make a descent if the free air tem- 
perature at lower altitudes is above freezing or cold enough to change the precipitation 
into ice pellets (sleet). A 180° turn or a descent is probably the best course of action if 
the altitude of warmer air aloft is unknown and your aircraft’s performance will not 
permit a rapid and extended climb. If enough ice accumulates to make level flight 
impossible, descent is inevitable, so trade altitude for airspeed to maintain control. 


In weather forecasts or pilot reports, aircraft structural icing is normally classified as 
trace, light, moderate, or severe depending on the accumulation rate. A trace means ice 
is perceptible, but accumulation is nearly balanced by its rate of sublimation. De-icing 
equipment is unnecessary, unless icing is encountered for an extended period of time. 
Light ice accumulation can be a problem during prolonged exposure (over one hour) if 
you do not have adequate de-icing/anti-icing equipment. In moderate icing conditions, 
even short encounters become potentially hazardous unless you use de-icing/anti-icing 
equipment. Severe icing produces a rate of accumulation greater than the reduction or 
control capabilities of the de-icing/anti-icing equipment. 


Most small general aviation aircraft are not approved for flight into icing conditions. 
Those that are have special de-ice and anti-ice equipment to protect aircraft surfaces, as 
well as the induction system, and have been flight tested to demonstrate their ability to 
fly in icing conditions. However, even these aircraft cannot fly in severe icing, and pro- 
longed flight in moderate icing can become hazardous due to ice accumulation on 
unprotected surfaces. Since ice protection systems vary widely in both operation and 
effectiveness, be sure to consult the POH for detailed information on system operation. 
A general discussion of de-ice and anti-ice systems is included in Chapter 11, Section B. 


Frost is a related element which poses a 
serious hazard during takeoff. It interferes If fro he ete concern wince! 
with smooth airflow over the wings and can Rd petorettiight ae y cause early airflow 


cause early airflow separation, resulting in a separon wi ich dec ca i, 
loss of lift. This means the om ne is ease diag: lit sk lata d 
lower-than-normal angle of attack. Althoug lower-than-normal angle of attack. 4 Á j 


frost increases drag, the aircraft should be 
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able to reach takeoff speed. The danger is that it may stall shortly after liftoff. Always 
remove all frost from the aircraft surfaces before flight. 


HYDROPLANING 


Hydroplaning is caused by a thin layer of standing water that separates the tires from 

the runway. It causes a substantial reduction in friction between the aircraft tires and 

the runway surface and results in poor or nil braking action at high speeds. If severe 

enough, it may result in your aircraft skidding off the side or end of the runway. 

Hydroplaning is most likely at high speeds on 

wet, slushy, or snow-covered runways which | High aircraft speed, standing water, slush, 

have smooth textures. > and a smooth runway texture are factors 
@ conducive to hydroplaning. 

The best remedy for hydroplaning is to prevent i 

its occurrence. You should study hydroplaning 

speeds and recommended procedures for your aircraft. When selecting a runway, pick 

one which is longer than required and allows you to use only light braking pressures to 

stop the aircraft safely. Since it may take several seconds for the wheels to reach their 

rotational speed after landing, do not apply the brakes too quickly. More detailed infor- 

mation on hydroplaning is available in Chapter 12, Section B. 


COLD WEATHER 
OPERATIONS 


Prior to a flight in cold weather, there are additional precautions which you must 
observe. As mentioned above, you must remove any frost, snow, or ice on the aircraft. 
You should also inspect all control surfaces and their associated control rods and cables 
for snow or ice which may interfere with their operation. Be sure to check the crankcase 
breather lines, since vapor from the engine can condense and freeze, preventing the 
release of air from the crankcase. [Figure 9-48] 


Figure 9-48. If ice or snow is removed by melting, be 
sure the water does not run into the control surface 
hinges and refreeze. 


Another important consideration is whether or not 
to preheat the aircraft prior to flight. If temperatures 
are so low that you will experience difficulty starting 
the engine, you should preheat it. You should also 
consider preheating the cabin, as well as the engine 
compartment. This is recommended for proper oper- 
ation of instruments, many of which are adversely affected by cold temperatures. 


During preflight in cold weather, crankcase A final consideration before yon try toistart 


breather lines should receive special atten. the engine is priming. Here, you should go by 
tion because they are susceptible to being the manufacturer’s recommended proce- 
clogged by ice from crankcase vapors that have con- dures in the POH. Overpriming may result in 
densed and subsequently frozen. i poor compression and difficulty in starting 


the engine. Another cold starting problem is 
caused by icing on sparkplug electrodes. 
This can occur when the engine fires for only 


| It is recommended that during cold weather A a molih : ; 
Rd operations, you should preheat the cabin, A : PAOR eaqui eaan 
À engine is the only remedy for frosted plugs 
as well as the engine. : : 
short of removing them from the engine and 
heating them individually. 
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SUMMARY CHECKLIST 


y The life of a thunderstorm passes through three distinct stages. The cumulus stage 
is characterized by continuous updrafts. When precipitation begins to fall, the 
thunderstorm has reached the mature stage. As the storm dies during the dissipat- 
ing stage, updrafts weaken and downdrafts become predominant. 


v Airmass thunderstorms are relatively short-lived storms and are usually isolated or 
scattered over a large area. Severe thunderstorms contain wind gusts of 50 knots or 
more, hail 3/4 inch in diameter or larger, and/or tornadoes. 


V A squall line is a narrow band of active thunderstorms that often forms 50 to 200 
miles ahead of a fast moving cold front. It often contains very severe weather. 


/“ Some weather hazards associated with thunderstorms, such as lightning, hail, and 
turbulence are not confined to the cloud itself. 


v If you are using airborne weather radar, you should avoid intense radar echoes by 
at least 20 miles. 


v If you encounter turbulence during flight, you should establish maneuvering or 
penetration speed and try to maintain a level flight attitude. 


/ Mechanical turbulence is often experienced in the traffic pattern when wind forms 
eddies as it blows over hangars, stands of trees, or other obstructions. 


V When sufficient moisture is present, cumulus cloud build-ups indicate the pres- 
ence of convective turbulence. 


/ Any front traveling at a speed of 30 knots or more produces at least a moderate 
amount of turbulence. 


J Wake turbulence is created when an aircraft generates lift. The greatest vortex 
strength occurs when the generating aircraft is heavy, slow, in a clean configura- 
tion, and at a high angle of attack. 


/ A helicopter can produce vortices similar to wingtip vortices of a large fixed-wing 
airplane. 


/ Clear air turbulence often develops in or near the jet stream, which is a narrow 
band of high altitude winds near the tropopause. 


/ Strong mountain wave turbulence can be anticipated when the winds across a 
ridge are 40 knots or more, and the air is stable. The crests of mountain waves may 
be marked by lens-shaped, or lenticular, clouds. 


/ Wind shear can exist at any altitude and may occur in a vertical or horizontal direc- 
tion. A microburst is one of the most dangerous sources of wind shear. 


Y Restrictions to visibility can include fog, haze, smoke, smog, and dust. 


/ Volcanic ash clouds are highly abrasive to aircraft and engines, and they also 
restrict visibility. 


/ The three types of structural ice are rime, clear, and mixed. 


/ The accumulation of ice on an aircraft increases drag and weight and decreases lift 
and thrust. 


/ Ice pellets usually indicate the presence of freezing rain at a higher altitude. 
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KEY TERMS 


Cumulus Stage 

Mature Stage 

Shear Zone 

Gust Front 

Roll Cloud 

Dissipating Stage 
Airmass Thunderstorm 
Severe Thunderstorm 
Single Cell Thunderstorm 
Supercell Thunderstorm 
Multicell Thunderstorm 
Frontal Thunderstorm 
Squall Line 

Lightning 

Hail 

Funnel Clouds 

Tornado 

Waterspout 

Low-Level Turbulence (LLT) 
Mechanical Turbulence 
Convective Turbulence 
Capping Stable Layer 
Frontal Turbulence 
Wingtip Vortices 

Wake Turbulence 

Jet Engine Blast 

Clear Air Turbulence (CAT) 


Jet Stream 
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Mountain Waves 
Occasional Turbulence 
Intermediate Turbulence 
Continuous Turbulence 
Light Turbulence 

Light Chop 

Moderate Turbulence 
Moderate Chop 

Severe Turbulence 
Extreme Turbulence 
Wind Shear 

Microburst 


Low-Level Wind Shear Alert System 
(LLWAS) 


Terminal Doppler Weather Radar 
(TDWR) 


Weather Systems Processor (WSP) 
Radiation Fog 

Ground Fog 

Advection Fog 

Upslope Fog 
Precipitation-Induced Fog 
Steam Fog 

Ice Fog 

Haze 

Smoke 

Smog 

Dust 


Volcanic Ash 
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Induction Icing Light Icing 
Structural Icing Moderate Icing 
Rime Ice Severe Icing 
Clear Ice Frost 
Supercooled State Hydroplaning 
Trace Ice 


QUESTIONS 


1. What are the three basic ingredients needed for the formation of a thunderstorm? 
2. Continuous updrafts occur in a thunderstorm during what stage? 


A. Cumulus stage 
B. Mature stage 
C. Dissipating stage 


3. Thunderstorms reach their greatest intensity during which stage? 


A. Cumulus stage 
B. Mature stage 
C. Dissipating stage 


4. What is the term used to describe a narrow band of thunderstorms that normally 
contains the most severe types of weather-related hazards? 


A. Airmass thunderstorms 
B. Frontal boundary thunderstorms 
C. Squall line thunderstorms 


5. What type of cloud is associated with the most severe turbulence? 


A. Cumulonimbus 
B. Cumulus 
C. Standing lenticular altocumulus 


6. What hazard is always associated with a thunderstorm? 


A. Heavy rain 
B. Lightning 
C. Severe icing 


7. True/False. You may encounter hail in clear air several miles from a thunderstorm. 


8. When using on-board weather radar to avoid thunderstorms, you should avoid 
intense echoes by at least how many miles? 


A. 10 miles 
B. 20 miles 
C. 30 miles 9-55 
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What should you do if you unexpectedly encounter turbulence? 


Wake turbulence is greatest from a large, heavy aircraft which is operating in what 
configuration? 


A. Low speeds and low angles of attack 
B. Low speeds and high angles of attack 
C. High speeds and high angles of attack 


Should you plan to land before or after the touchdown point of a large, heavy air- 
craft? 


True/False. There is no correlation between clear air turbulence and the jet stream. 


What type of turbulence is indicated by the presence of rotor, cap and lenticular 
clouds? 


A. Convective 
B. Wake 
C. Mountain wave 


Turbulence that causes changes in altitude or attitude resulting in definite strains 
against seatbelts is classified as what? 


A. Light 
B. Moderate 
C. Severe 


During a stabilized landing approach, what happens if the wind unexpectedly 
shifts from a headwind to a tailwind? 


A. Pitch attitude decreases, IAS decreases, and the airplane tends to sink below 
the glide path 

B. Pitch attitude decreases, IAS increases, and the airplane tends to sink below 
the glide path 

C. Pitch attitude increases, IAS increases, and the airplane tends to rise above the 
glide path 


Discuss the in-flight visual indications of possible wind shear. 


What is the name of the fog that typically forms over fairly level land on clear, 
calm, humid nights? 


A. Steam fog 
B. Radiation fog 
C. Advection fog 


Haze can create the illusion that you are 
A. closer to the runway than you actually are. 


B. at a greater distance from the runway than you actually are. 
C. lower on the approach than you actually are. 
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19. What is the recommended course of action if you inadvertently enter a volcanic 
ash cloud? 


A. Reverse course 
B. Attempt to climb up and out of the cloud 
C. Continue straight ahead to exit on the opposite side 


20. Carburetor icing is most likely when the relative humidity is above 80% and the 
outside air temperature is between 


A. -18°C (0°F) and 1°C (34°F). 
B. -15°C (5°F) and 5°C (41°F). 
fe -7°C (20°) and 21°C (70°F). 


21. True/False. Airframe icing increases drag and weight and decreases lift and thrust. 


22. True/False. Airframe icing cannot occur when the outside air temperature is above 
OP bes 


23. When the surface temperature is 53°F at sea level, the estimated freezing level is 
A. 4,700 feet AGL. 
B. 6,000 feet AGL. 
C. 10,500 feet AGL. 
24. To avoid hydroplaning after landing on a wet runway, you should 
A. apply the brakes immediately. 


B. delay the application of brakes. 
C. carry a higher-than-normal power setting after touchdown. 


SECTI 


PRINTED REPORTS 
AND FORECASTS 


Weather information is available through a vast network of government agencies and 
commercial sources. While the proliferation of electronic media has generally increased 
the availability of weather data, you may find that access to weather briefers and NWS 
meteorologists to interpret the data might not always be readily available. Consequently, 
your ability to gather and decipher the multitude of printed reports and forecasts is more 
important than ever. 


PRINTED WEATHER 
REPORTS 


In general, a weather report is a record of observed atmospheric conditions at a particular 
location at a specific point in time. A variety of reports are used to disseminate informa- 
tion gathered by trained observers, radar systems, and other pilots. The types of reports 
you are likely to encounter include aviation routine weather reports, radar weather 
reports, and pilot weather reports. 


AVIATION ROUTINE WEATHER REPORT 
An aviation routine weather report (METAR) is an observation of surface weather which 
is reported in a standard international format. While the METAR code has been adopted 
worldwide, each country was allowed to make modifications or exceptions to the code. 
Usually these differences were minor but necessary to accommodate local procedures or 
particular units of measure. The following discussion covers the elements as reported in 
a METAR originating from an observation in the United States. [Figure 9-49] 
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Figure 9-49. Although the content may vary somewhat, a typical METAR contains several distinct 
elements. If an element cannot be observed at the time of the report, it will be omitted. 
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TYPE OF REPORT 
METAR KBPT... 


The two types of reports are the METAR, which is taken every hour, and the non-routine 
(special) aviation weather report (SPECI). The SPECI weather observation is an 
unscheduled report indicating a significant change in one or more of the reported elements. 


STATION IDENTIFIER 
METAR KBPT 161753Z... 


Each reporting station is listed by its four-letter International Civil Aviation Organization 
(ICAO) identifier. In the contiguous 48 states, the letter K precedes the three-letter 
domestic airport identifier. For example, the domestic identifier for Beaumont/Port 
Arthur, Texas is BPT, and the ICAO identifier is KBPT. In other areas of the world, the 
first two letters indicate the region, country, or state. Alaska identifiers begin with PA, for 
Hawaii, they begin with PH, for Canada, the prefixes are CU, CW, CY, and CZ, and for 
Mexico, the preface is NM. A list of station identifiers is usually available at an FSS or 
National Weather Service (NWS) office. 


DATE/TIME OF REPORT 
..KBPT 161753Z 14021G26KT... 


The date (day of the month) and time of the observation follows the station identifier. 
The time is given in UTC or Zulu, as indicated by a Z following the time. The report in 
the example was issued on the 16th of the month at 1753Z. 


MODIFIER 

When a METAR is created by a totally automated weather observation station, the modifier 
AUTO follows the date/time element (e.g., ...251955Z AUTO 30008KT...). These stations are 
classified by the type of sensor equipment used to make the observations, and AO1 or AO2 
will be noted in the remarks section of the report. An automated weather reporting station 
without a precipitation discriminator (which can determine the difference between liquid 
and frozen/freezing precipitation) is indicated by an AO1 in the remarks section of the 
METAR. An AO2 indicates that automated observing equipment with a precipitation dis- 
criminator was used to take the observation. 


The modifier COR is used to indicate a corrected METAR and replaces a previously 
disseminated report. When the abbreviation COR is used in a report from an auto- 
mated facility, the station type designator, AO1 or AO2, is removed from the remarks 
section. If a modifier is not included in the METAR (as in the example), it signifies 
that the observation was taken at a manual station or that manual input occurred at an 
automated station. 


WIND 
...161753Z 14021G26KT 3/4SM... 


The wind direction and speed are reported in a five digit group, or six digits if the speed 
is over 99 knots. The first three digits represent the direction from which the wind is 
blowing, in reference to true north. The letters VRB are used if the direction is variable. 


The next two digits show the speed in knots (KT). Calm winds are reported as 00000KT. 
Gusty winds are reported with a G, followed by the highest gust. In the example, wind 
was reported to be from 140° true at 21 knots with gusts to 26 knots. 
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If the wind direction varies 60 degrees or more and the speed is above 6 knots, a variable 
group follows the wind group. The extremes of wind direction are shown, separated by 
a V. For example, if the wind is blowing from 020°, varying to 090°, it is reported as 
020V090. [Figure 9-50] 


EO eee ES R S E AAA 


ý aioa - 4 e, 
_ CODED METAR DATA | EXPLANATIONS | Figure 9-50. This figure 
a. EEE 


= shows several examples of 
00000KT Wind calm 


7 wind information as it appears 
20014KT Wind from 200° a knots | on the METAR. The decoded 
15010G25KT Wind from 150° at 10 knots, gusts to 25 knots wind direction and speed are 
VRBO4KT Wind variable in direction at 4 knots shown to the right. 
210103G130KT Wind from 210° at 103 knots with gusts to 130 knots 


VISIBILITY 
...14021G26KT 3/4SM TSRA BR... 


Prevailing visibility is the greatest distance an observer can see and identify objects 
through at least half of the horizon. When the prevailing visibility varies from one area 
of the sky to another, the visibility in the majority of the sky is reported. If visibility 
differs significantly between sectors, the 
observer can report individual sector visi- 
bility in the remarks section of the METAR. 
[Figure 9-51] 


Figure 9-51. Prevailing visibility is determined by identify- 
ing distinctive objects, such as a tower or smokestack, 
which are at a known distance. At night, observers use 
lighted objects to determine visibility. 


Visibility is reported in statute miles (SM). 
For example, 1/2SM indicates one-half 
statute mile and 4SM would be used to 
report four statute miles. At times, runway 
visual range (RVR) may be reported follow- 
ing prevailing visibility. RVR, in contrast to 
prevailing visibility, is based on what a pilot 
in a moving aircraft should see when looking 
down the runway. RVR is designated with an 
R, followed by the runway number, a slant 
(/), and the visual range in feet (FT). In the 
example, R36L/2400FT means Runway 36 
Left visual range is 2,400 feet. Variable RVR is 
shown as the lowest and highest visual range 
values separated by a V. Outside the United 
States, RVR is normally reported in meters. 


| _ The runway visual range (RVR) value 
Rd represents the horizontal distance a pilot 

should see down the runway from the 
approach end of a runway. 


PRESENT WEATHER 

The weather phenomenon, along with its qualifiers, that is present at the time of the 
observation is reported immediately after the visibility. The qualifiers can either be the 
intensity or proximity of the weather phenomena, and/or a descriptor. Weather phe- 


nomena falls into three categories: precipitation, obstruction to visibility, or any other 
phenomena. 
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D Taking the Guesswork Out of Visibility 


Without a frame of reference, determining how far you can see down a runway is just a guess. To determine ground visi- 
bility at some airports, weather observers have several selected objects at known distances from a specific location. 
When visibility is restricted, the farthest visible object determines the reported visibility.. 


A much better way of determining visibility 
is with an optical instrument called a 
transmissometer. A transmissometer 
measures runway visual range (RVR) 
down a specific runway. It is made up of 
two components. The first is a projector 
which sends a beam of light, at a known 
intensity, down the length of the runway. 
The second component, the receiver, 
contains a photoelectric cell which mea- 
sures the amount of light penetrating the 
obscuring phenomena. A computer then 
converts the amount of light received 
into runway visual range. 


QUALIFIERS 
...3/4SM TSRA BR BKN008 OVCO012CB... 


Intensity of precipitation is shown immediately prior to the descriptor and weather phe- 
nomena code. The indicated intensity applies only to the first type of precipitation 
reported. Intensity levels are shown as light (—), moderate (no sign), or heavy (+). In this 
example there is no qualifier so the intensity of the rain (RA) is reported as moderate. 


Weather obscurations or other phenomena occurring in the vicinity of the airport 
(between 5 and 10 statute miles) are shown by the letters VC preceding the code. If pre- 
cipitation is not occurring at the point of the observation, but is within 10 statute miles 
of the observation point, it is reported as being in the vicinity. VC will not appear if an 
intensity qualifier is reported. 


A description of the RSE Acca D ae a BSCHIPTOR COM 

tions is reported as a two-letter code. On. yone [+§~—Thunderstom | DR—Low Dritting 
descriptor is used for each type of precipitation | g}—Shower(s) MI — Shallow 

or obscuration. In the example, a thunderstorm | FZ- Freezing BC —Patches 
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WEATHER PHENOMENA 
WHATHER PHENOMENA CODES | ...3/4SM TSRA BR BKN008 OVC012CB... 


Precipitation Weather phenomena covers eight types of precipi- 
RA — Rain GR — Hail (> 1/4") tation, eight kinds of obscurations, as well as five, 
DZ — Drizzle GS — Small Hail/Snow Pellets rather uncommon, weather events. Up to three 
SN — Snow SG — Snow Grains types of precipitation can be coded in a single 
IC — Ice Crystals PL — Ice Pellets | grouping of present weather conditions. When 
more than one is reported, they are shown in order 
of decreasing dominance. In the example, moderate 


FG — Fog PY — Spray | rain (RA) has been observed in connection with the 
BR — Mist SA — Sand | thunderstorm. 

FU — Smoke DU — Dust 

HZ — Haze VA — Volcanic Ash 


Obstructions to Visibility 


Obscurations, which are anything other than 
Other Weather Phenomena ) | precipitation that reduce horizontal visibility, 
Sa Squall. ss Ean are shown after any reported precipitation. Fog 
Ds Dusisionn:...PO— Dust/Gandwhits (FG) is listed when the visibility is less than 5/8 
FC — Funnel Cloud/Tornado/Waterspout | mile. However, if the visibility were to increase 
to between 5/8 and 6 miles, the code for mist 
(BR) would be used. In the example, mist (BR) is the obstruction to visibility. 
Shallow fog (MIFG), patches of fog (BCFG), or partial fog (PRFG) may be coded with 
prevailing visibility of 7 statute miles or greater. Following the obscurations, other 
weather phenomena, such as tornadoes, duststorms, and squalls may be listed when 
they occur. A squall is a sudden increase in the wind speed of at least 15 knots to a 
sustained speed of 20 knots or more for at least one minute. 


SKY CONDITION 

The sky condition groups describe the amount = Ea — 
of clouds, if any, their heights, and, in some _ When a squall (SQ) is reported, you can 
cases, their type. In addition, a vertical visibility rt) expect a sudden increase in wind speed of 
may be reported if the height of the clouds at least 15 knots to a sustained wind speed 
cannot be determined due to an obscuration. of 20 knots or more for at least 1 minute. 


AMOUNT 
... TSRA BR BKNO08 OVC012CB 18/17... 


The amount of clouds covering the sky is reported in eighths, or octas, of sky cover. Each 
layer of clouds is described using a code which corresponds to the octas of sky coverage. 
If the sky is clear, it is designated by SKC in a manual report and CLR in an automated 
report. FEW is used when cloud coverage is 1/8 to 2/8 of the sky. However, any amount 
less than 1/8 can also be reported as FEW. Scattered clouds, which cover 3/8 to 4/8 of the 
sky, are shown by SCT. Broken clouds, covering 5/8 to 7/8 of the sky, are designated by 
BKN, while an overcast sky is reported as OVC. In the example, there was a layer of 
broken clouds (BKN) and an overcast layer (OVC). 


The sky cover condition for a cloud layer represents total sky coverage, which includes 
any lower layers of clouds. In other words, when considering a layer of clouds, the 
observer must add the amount of sky covered by that layer to the amount of sky covered 
by all lower layers to determine the reported sky coverage for the layer being considered. 
[Figure 9-52] 
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Figure 9-52. Note that the upper layer 
is reported as broken, even though that 
layer by itself covers less than 5/8 of the 
horizon. if the total coverage did not 
exceed 4/8, the upper layer would be 
reported as scattered. 


HEIGHT, TYPE, AND VERTICAL VISIBILITY 
„.TSRA BR BKNOO8 OVC012CB 18/17... 


The height of cloud bases or the vertical visibility into obscuring phenomena is reported 
with three digits in hundreds of feet above 
ground level (AGL). To determine the cloud 
bases, add two zeros to the number given in 
the report. When more than one layer is pre- 
sent, the layers are reported in ascending 


If Hthe to top ofa layer is known, you cancan 
iy tir its t kness by adding the 
_ airport's elevation (MSL) to ‘the height of 
order. Automated stations can only report a the ‘cloud base (AGL) found a METAR bserve 
maximum of three layers at 12,000 feet AGL iReauammes the height ai TAE pe r 
and below. Human observers can report up to 

six layers of clouds at any altitude. In this 

example, a broken layer is at 800 feet AGL, and an overcast layer is at 1,200 feet AGL. 

In a manual report, a cloud type may be included if towering cumulus clouds (TCU) or 


cumulonimbus clouds (CB) are present. The code follows the height of their reported base. 
In the example, the base of the reported cumulonimbus clouds was at 1,200 feet AGL. 


When more than half of the sky is covered by clouds, a ceiling exists. By definition, a 
ceiling is the AGL height of the lowest layer of clouds that is reported as broken or over- 
cast, or the vertical visibility into an obscura- 
tion, such as fog or haze. Human observers 
may rely simply on their experience and 
knowledge of cloud formations to determine 
ceiling heights, or they may combine their 
experience with the help of reports from 
pilots, balloons, or other instruments. You can 
use the ceiling, combined with the visibility, to determine if IFR flight conditions exist. 
For example, if you are planning an IFR flight with a VFR departure from a controlled air- 
port (without a special VFR clearance), you must ensure that the ceiling is at least 1,000 
feet and there is at least 3 miles visibility. 


D A cenon T ar of the lowest 


Wa reported as as bro aes 


When conditions are below VFR, you need to check the published IFR takeoff, landing, 
and alternate minimums. If, for example, the takeoff minimums are 600-2, the ceiling 
must be at least 600 feet AGL and the visibility must be at least two statute miles. A 
reported sky condition of SCT002 BKN006 with a visibility of 3 statute miles is above 
minimums, since the lowest ceiling is 600 feet and the visibility is greater than two 
miles. The lower scattered layer at 200 feet does not constitute a ceiling and is, therefore, 
not restrictive to an IFR departure. 
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Unlike clouds, an obscuration does not have a definite base. An obscuration can be 
caused by phenomena such as fog, haze, or smoke which extend from the surface to an 
indeterminable height. In these instances, a total obscuration is shown with a VV fol- 


lowed by three digits indicating the vertical 

: In a METAR observation VV008 indicates 
VV006 describes an indefinite ceiling at 600 feet P» | that the sky is obscured with a vertical 
AGL. Obscurations which do not cover the © 
entire sky may be reported in the remarks sec- : 
tion of the METAR. 


visibility in hundreds of feet. For example, 
visibility of 800 feet. 


TEMPERATURE AND DEWPOINT 
..BKN008 OVC012CB 18/17 A2970 RMK PRESFR SLP058 T01780172... 


The observed air temperature and dewpoint (in degrees Celsius) are listed immediately 
following the sky condition. In the example, the temperature and dewpoint are 
reported as 18°C and 17°C, respectively. Temperatures below 0° Celsius are prefixed 
with an M to indicate minus. For instance 10° below zero would be shown as M10. 
Temperature and dewpoint readings to the nearest 1/10°C may be included in the 
remarks section of the METAR. 


ALTIMETER 
..._BKN008 OVC012CB 18/17 A2970 RMK PRESFR SLP058 T01780172... 


The altimeter setting is reported in inches of mercury in a four digit group prefaced by 
an A. In this example, the altimeter setting was reported as 29.70 in. Hg. 


REMARKS 
..RMK PRESFR SLP058 T01780172 


Certain remarks are included to report weather considered significant to aircraft opera- 
tions. The types of information that may be included are wind data, variable visibility, 
beginning and ending times of a particular weather phenomenon, pressure information, 
and precise temperature/dewpoint readings. The start of the remarks section is identified 
by the code, RMK. The beginning of an event is shown by a B, followed by the time in min- 
utes after the hour. If the event ended before the observation, the ending time in minutes 
past the hour is noted by an E. In this example, PRESFR indicates the barometric pressure 
is falling rapidly. Additionally, the sea level pressure (SLP) was 1005.8 millibars, or 
hectoPascals (hPa). A hectopascal is the metric equivalent of a millibar (1 mb = 1 hPa). 
Finally, the precise temperature/dewpoint (T) reading is 17.8°C and 17.2°C respectively. 
Examples of other coded remarks are shown in figure 9-53. 
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PK WND 20032/25 | Peak wind from 200° at 32 knots, 25 minutes past the hour 
Vis” 3741/2 Prevailing visibility variable 3/4 to 1 and 1/2 miles 

FRQ LTG NE Frequent lightning to the northeast 

FZDZB45 Freezing drizzle began at 45 minutes past the hour 
RAE42SNB42 .. Rain ended and snow began at 42 minutes past the hour 


PRESFR m Pressure falling rapidly 
SLP045 - » ~~ | Sea level pressure in millibars (hPa), 1004.5 mb (hPa) 
WSHFT 30 FROPA | Wind shift occurred at 30 minutes past the hour due to frontal passage 
T00081016 Temperature/dewpoint in tenths °C, .8 °C/—1.6 °C (Since the 
first digit after the T is a 0, it indicates that the temperature 
is positive; the dewpoint in this example is negative since 
the fifth digit is a 1.) 


Figure 9-53. Examples of coded remarks are shown in the left column, with the corresponding 
explanations on the right. 
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RADAR WEATHER 
P» | The beginning of the remarks section is R EPORTS 
w 


| POEA aR MRSS General areas of precipitation, especially 


- secuon napa ‘iis ceili: signifi- thunderstorms, are observed by radar on a 
cant to aircraft operations, which are not covered in the routine basis. Most radar stations issue rou- 


Previous sections of the METAR. See figure 9-53. tine radar weather reports (SDs) thirty-five 


minutes past each hour, with intervening 
special reports as required. 


A radar weather report not only defines the 
areas of precipitation, but also provides 
information on the type, intensity, and 
intensity trend. In addition, these reports 


i Ran saree figure 9-54, the abbreviation normally include movement (direction and 

Rd | MT is used to denote maximum tops of the speed) of the precipitation areas, as well as 
precipitation in the clouds. Heights are maximum height of the precipitation. If the 

reported in hundreds of feet MSL followed by the radial base is considered significant, it may also be 
and distance in nautical miles from the reporting loca- reported. All heights in an SD are reported in 


hundreds of feet MSL. [Figure 9-54] 
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Ba o 


Location identifier and time of radar observation (UTC) 
2 Echo Pattern — Line in this example 
=) Coverage in tenths — 8/10 in this example 
=) Type, intensity, and trend of weather — Thunderstorm (T), very heavy rainshowers (RW++), increasing in intensity (/+) 
v Azimuth (reference true N) and range in nautical miles (n.m.) of points defining the echo pattern 
w Dimensions of echo pattern — 15 n.m. wide 
7] Pattern movement — From 240° at 25knots; C indicates movement of individual storms or cells 


=) Maximum tops (MT) and location — 57,000 feet , 150° radial, 65 n.m. 
NOTE: Radar echos indicate percipitation tops, not cloud tops 


J Remarks — Self-explanatory using plain language contractions 


[P ECHO PATTERN L mn | 


F Light 
CELL ` znale Cell Moderate 
LN Line Heavy Decreasing 
FINE LN Fineline Very Heavy No change 
AREA Area Intense 

Extreme New echo 
SPRL BAND AREA Spiral band area Unknown 


LYR Layer 


Increasing 


Figure 9-54. Radar weather reports are useful in determining areas of severe weather. When the clouds extend 
to high levels, thunderstorms and the associated hazards are likely. 
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PILOT WEATHER REPORTS 

Pilot weather reports (PIREPs) are often your best source to confirm such information as 

the bases and tops of cloud layers, in-flight visibility, icing conditions, wind shear, and 
turbulence. When significant conditions are reported or forecast, ATC facilities are 
required to solicit PIREPs. However, anytime you encounter unexpected weather condi- 

tions, you are encouraged to make a pilot report. If 

you make a PIREP, the ATC facility or the FSS can PIREPs are the best source for current 
add your report to the distribution system so it can Rd weather, such as icing and turbulence, 
be used to brief other pilots or provide in-flight between reporting stations. 
advisories. [Figure 9-55] 
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This PIREP decodes as follows: Pilot report, 46 n.m. on the 065° radial from Martinsburg at 1600UTC at 10,000 
feet. Type of aircraft is a Beechcraft Baron. First cloud layer has a base at 2,400 feet broken with tops at 3,200 
feet. The second cloud layer has a base at 4,200 broken occasionally overcast with no tops reported. Outside air 
temperature is -12 degrees Celsius. 
Light to moderate rime icing is 
reported between 5,500 and 8,000 
feet. The headwind component is 
20 knots. Magnetic heading is 
310 degrees and the true airspeed 
is 180 knots. 


3-Letter SA Identifier 1. UA UUA 


Routine 
Report 


Figure 9-55. PIREPs are made up of sev- 
eral elements. Notice that MSL altitudes 
are used. Although PIREPs should be 
complete and concise, you should not be 
overly concerned with strict format or ter- 
minology. The important thing is to forward 
the report so other pilots can benefit from 


imine t through á are inercwccyiaralPiREPs j 


Sky Cover: a za 
Cloud height and coverage (scattered, broken, or overcast 


Flight Visibility and Weather: 
Flight visibility, precipitation, restrictions to visibility, etc. 


Temperature (Celsius): 
Essential for icing reports 


Wind: your observation. Further information 
Direction in degrees and speed in knots relating to the coding and interpretation of 
Turbulence: PIREPs is contained in the Aeronautical 
Turbulence intensity, whether the turbulence occurred in Information Manual. 

or near clouds, and duration of turbulence 


Icing: 
Intensity and Type 


Remarks: 


| For reporting elements not included or to clarify previously 
reported items 
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Another type of PIREP is called an AIREP or air 


PIREPs use a standard format, as shown report. Disseminated electronically, these 
in figure 9-55. Note that altitudes are reports are used almost exclusively by commer- 
given in hundreds of feet above mean sea cial airlines. However, when accessing the 
level (MSL). internet for current weather you may come 


upon the abbreviation ARP followed by a 

weather report which was captured from an 
Aeronautical Radio Incorporated (ARINC) communications addressing and reporting 
system (ACARS) transmission. 


D Workload Management Through Cockpit Automation 


As early as the 1970s there has been an effort by the world airlines to reduce the workload imposed on flight deck 

crews. ACARS is one of the answers. This technology provides bi-directional, non-verbal communications from the 
cockpit of an airborne aircraft to a dispatcher on the ground. Not only can the crew send and receive discrete company messages, 
but the system also provides many automated functions timed to support the crew in the different phases of flight. The automatic 
functions include weather updates, weight and balance information, runway data, and enroute engine performance. ACARS also 
sends block times, wheels-off, and wheels-on times, as well as present position automatically so the airline dispatcher knows the 
location of the aircraft at all times. 


A manual input feature aliows the crew to request weather reports and landing data. When there is a problem, maintenance infor- 
mation can be transmitted directly to the cockpit. When using the ACARS print capability, the crew can save time and reduce the 
possibility of copy errors from voice communications. By reducing the communications workload, pilots can more fully concentrate 
on their jobs. 


inmass 
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PRINTED WEATHER 
FORECASTS 


Many of the reports of observed weather conditions are used to develop forecasts of 
future conditions. Every day, Weather Forecast Offices (WFOs) prepare over 2,000 fore- 
casts for specific airports, over 900 route forecasts, and a variety of other forecasts for 
flight planning purposes. The printed forecasts with which you need to become familiar 
include the terminal aerodrome forecast, aviation area forecast, and the winds and 
temperatures aloft forecast. 


TERMINAL AERODROME FORECAST 

One of your best sources for an estimate of what the weather will be in the future at a 
specific airport is the terminal aerodrome forecast (TAF). TAFs normally are valid for 
a 24-hour period and scheduled four times a day 
at 0000Z, 0600Z, 1200Z, and 1800Z. Each TAF 

contains these elements: type, ICAO station | 
identifier, issuance date and time, valid period, 
and the forecast. [Figure 9-56] 


A terminal aerodrome forecast (TAF) is 
valid for a 24 hour period and is issued four 
times a day. A TAF should be your primary 
source of weather information for your des- 
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Figure 9-56. With a few exceptions, the codes used in the TAF are similar to those used in the METAR. 
TYPE OF FORECAST 
TAF AMD 
KLCH... 


The TAF normally is a routine forecast. However, an amended TAF (TAF AMD) may be 
issued when the current TAF no longer represents the expected weather. TAF or TAF 
AMD appears in a header line prior to the text of the forecast. The abbreviations COR and 
RTD indicate a corrected and delayed TAF, respectively. The example depicts an 
amended TAF. 


STATION IDENTIFIER AND ISSUANCE 
DATE/TIME 


TAF AMD 
KLCH 162050Z 162118... 


The four letter ICAO location identifier code is the same as that used for the 
METAR/SPECI. The first two numbers of the date/time group represent the day of the 
month, and the next four digits are the Zulu time that the forecast was issued. The example 


TAF is a forecast for Lake Charles Regional Airport (KLCH) which was issued on the 16th 
day of the month at 20502. 
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VALID PERIOD 
„1620502 162118 14025G40KT... 


Normally, the forecast is valid for 24 hours. The first two digits represent the valid 
date. Next is the beginning hour of the valid time in Zulu, and the last two digits 
are the ending hour. The forecast for Lake Charles Regional Airport is valid from 
2100Z on the 16th of the month to 1800Z the next day. Since the TAF in this exam- 
ple was amended, the valid period is less than 24 hours. At an airport that is open 
part time, the TAFs issued for that location will have the abbreviated statement NIL 
AMD NOT SKED AFT (closing time) added to the end of the forecast text. For TAFs 
issued when these airports are closed, the word NIL appears in place of the forecast text. 


FORECAST 
..162050Z 162118 14025G40KT P6SM VCTS BKNO20CB... 


The body of the TAF contains codes for forecast wind, visibility, weather, and sky 
condition. Weather, including obstructions to visibility, is added to the forecast 
when it is significant to aviation. 


The forecast wind is depicted by a five digit group with the first three digits repre- 
senting the wind direction and the last two digits the wind speed. If the wind speed 
is 100 knots or more, there will be three digits. The contraction KT follows to 
denote that the wind speed is in knots. Wind gusts are noted by the letter G 
appended to the wind speed followed by 
the highest expected gust. A variable wind 
direction is noted by VRB where the three 
digit direction usually appears. A calm 
wind (3 knots or less) is forecast as 
00000KT. In this example, the winds are 
predicted to be from 140° at 25 knots with 
gusts to 40 knots. 


D In a TAF, the contraction VRB indicates that 
~ the wind direction is variable. A calm wind 


(3 knots or less) is indicated by OOOOOKT. 


The next area is the expected prevailing visibility in miles, including fractions of 
miles. The SM indicates the measurement is in statute miles. Expected visibilities 
greater than 6 miles are forecast as a P6SM, which means plus 6 statute miles. 


eee rodoma forecast The weather phenomena and sky conditions 
Rd implies that the prevailing visibility is are given next using the same format, quali- 
expected to be greater than 6 statute miles. fiers, and contractions E the METAR reports. 
If no significant weather is expected to occur 
during a specific time period in the forecast, 
the weather group is omitted for that time period. CLR is never used in the TAF. In 
this example, thunderstorms are forecast to 
be in the vicinity (VC) and a broken cloud | Tine eroe SKC aan a torminal 
layer, made up of cumulonimbus clouds, is P» | aerodrome forecast to indicate a clear sky. 
forecast at 2,000 feet AGL. a 


Low-level wind shear which is not associ- 
ated with convective activity may be 
included using the code WS followed by a 
three digit height (up to and including D 

2,000 feet AGL), a forward slash (/) and the Q , shear which is not associated with convec- 
winds at the height indicated. For exam- , tive activity may be present during the valid 
ple WS010/18040KT indicates low-level time of the forecast. WS005/27050KT indicates that the 
wind shear at 1,000 feet AGL, wind 180° at wind at 500 feet AGL is 270° at 50 knots. 


40 knots. 


f The letters WS indicates that low-level wind 
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FORECAST CHANGE GROUPS 

When a significant permanent change to the weather conditions is expected during the 
valid time, a change group is used. The changes can be temporary, rapid, or gradual. 
Each change indicator marks a time group within the TAF. 


TEMPORARY FORECAST 

. TEMPO 2224 1SM TSRA BKN008CB 
FM2400 14020G30 P6SM VCTS BKN020CB PROB30 0104 2SM TSRA OVC010CB 
TEMPO 0408 3SM -TSRA BKN015CB 
FM0800 13012G18KT P6SM OVC030 


Wind, visibility, weather, or sky conditions that are expected to last less than an hour are 
described in a temporary (TEMPO) group, followed by beginning and ending times. The 
first temporary group in the example predicts that between 2200Z and 2400Z, visibility 
is expected to be reduced to 1 statute mile in moderate rain associated with a thunder- 
storm. A broken layer of cumulonimbus clouds with bases at 800 feet is also predicted to 
occur. It’s important to remember that these conditions only modify the previous fore- 
cast and are expected to last for periods of less than one hour. The second temporary 
group predicts that between 0400Z and 0800Z, the visibility is likely to be 3 statute miles 
in light rain associated with a thunderstorm. The ceiling is expected to be a broken layer 
of cumulonimbus clouds with the bases at 1,500 feet. 


FROM OR BECOMING FORECAST 

... TEMPO 2224 1SM TSRA BKN008CB 
FM2400 14020G30 P6SM VCTS BKN020CB PROB30 0104 25M TSRA OVC010CB 
TEMPO 0408 3SM -TSRA BKN015CB 
FM0800 13012G18KT P6SM OVC030 


If a rapid change, usually within one hour, is expected, the code for from (FM) is used 
with the time of change. The conditions listed following the FM will continue until the 
next change group or the end of the valid time of the TAF. In the example, the first fore- 
cast change group indicates from 2400Z, the wind will be from 140° at 20 knots with 
gusts to 30 knots, the visibility will be greater than 6 statute miles, with thunderstorms 
in the vicinity and a cloud layer, made up of cumulonimbus clouds, is expected to be 
broken at 2,000 feet AGL. From 0800Z, the wind is forecast to be from 130° at 12 knots 
gusting to 18 knots, visibility will improve to greater than 6 statute miles and the sky will 
be overcast at 3,000 feet AGL. 


A more gradual change in the weather, taking about two hours, is coded as BECMG, fol- 
lowed by beginning and ending times of the change period. The gradual change is 
expected to occur at an unspecified time within this time period. All items, except for 
the changing conditions shown in the BECMG group, are carried over from the previous 
time group. For instance, BECMG 2310 24007KT P6SM NSW indicates a gradual change 
in conditions is expected to occur between 2300Z and 1000Z. Sometime during this 
period, the wind will be from 240° at 7 knots, visibility is predicted to improve to greater 
than 6 miles with no significant weather (NSW). The NSW code is used only after a time 
period in which significant weather was forecast. NSW only appears in BECMG or 
TEMPO groups. 
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PROBABILITY FORECAST 


...FM2400 14020G30 P6SM VCTS BKN020CB PROB30 0104 2SM TSRA OVC010CB 
TEMPO 0408 3SM -TSRA BKN0015CB... 


TAFs may include the probability of thunderstorms or precipitation events with the 
associated wind, visibility, and sky conditions. A PROB group is used when the proba- 
bility of occurrence is between 30 and 49%. The percentage is followed by the beginning 
and ending time of the period during which the thunderstorm or precipitation is 
expected. In the example, there is a 30% 
chance of a thunderstorm with moderate rain 
and 2 statute miles visibility between 0100Z 
and 0400Z. In addition, a 30% probability of 
an overcast layer of cumulonimbus clouds 
with bases at 1,000 feet AGL also is expected 
to occur during the four hour time period. 


The term PROB40 2102 +TSRA in a termi- 
nal aerodrome forecast indicates that there 
_ is approximately a 40% probability of thun- 
derstorms with heavy rain between 2100Z and 0200Z. 


AVIATION AREA FORECAST 


An aviation area forecast (FA) covers general weather conditions over several states or a 
known geographical area and is a good source of information for enroute weather. It also 
helps you determine the conditions at airports which do not have Terminal Aerodrome 
Forecasts. FAs are issued three times a day in the 48 contiguous states, and amended as 
required. NWS offices issue FAs for Hawaii and Alaska; however, the Alaska FA uses a 
different format. An additional specialized FA may be issued for the Gulf of Mexico by 
the National Hurricane Center in Miami, Florida. [Figure 9-57] 


SLC 
Salt Lake City 


CHI NH 


BOS 
Boston 


SFO 
San Francisco 


Figure 9-57. The 48 contiguous states DFW 
are divided into six regions for area Dallas/Fort Worth 
forecasts. FAs are issued by the National Aviation 
Weather Advisory Unit in Kansas City, Missouri. A special- 

ized Gulf of Mexico FA is issued by the National Hurricane 

Center in Miami, Florida. 

Aviation area forecasts are issued three 
The FA consists of several sections: a com- times each day and generally include a total 
munications and product header section, a forecast period of 18 hours. They cover a 
precautionary statement section, and two —_geegraphical group of states or well known areas. 
weather sections (synopsis and VFR clouds 

and weather). Each area forecast covers an 

18-hour period. 
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COMMUNICATIONS AND PRODUCT HEADERS 

In the heading SLCC FA 141045, the SLC identifies the Salt Lake City forecast area, C 
indicates the product contains a clouds and weather forecast, FA means area forecast, 
and 141045 tells you this forecast was issued on the 14th day of the month at 1045Z. 
Since these forecasts are rounded to the nearest full hour, the valid time for the report 
begins at 1100Z. The synopsis is valid until 18 hours later, which is shown as the 15th at 
0500Z. The clouds and weather section forecast is valid for a 12-hour period, until 
2300Z on the 14th. The outlook portion is valid for six hours following the forecast, from 
2300Z on the 14th to 0500 on the 15th. The last line of the header lists the states that are 
included in the Salt Lake City forecast area. [Figure 9-58] 


SLCC FA 141045 SLC 
i SYNOPSIS AND CLDS/WX Salt Lake City 
Heading SYNOPSIS VALID UNTIL 150500 
Section CLDS/WX VALID UNTIL 142300... OUTLK VALID 142300-150500 


ID MT NV UT WY CO AZ NM 


Precautionary 
Statements 


TSTMS IMPLY PSBL SVR OR GTR TURBC SVR ICG LLWS 
AND IFR CONDS. 

NON MSL HGTS ARE DENOTED BY AGL OR CIG. 
SYNOPSIS...HIGH PRES OVER NERN MT CONTG EWD 
GRDLY. LOW PRES OVR AZ NM AND WRN TX RMNG 
GENLY STNRY. ALF...TROF EXTDS FROM WRN MT INTO 
SRN AZ RMNG STNRY. 

IB) ue 


Synopsis 


SEE AIRMET SIERRA FOR IFR CONDS AND MTN OBSCN, 


FROM YXH TO SHR TO 30SE BZN TO 60SE PIH TO LKT TO 
Peete) OSE 

70-90 SCT-BKN 120-150. WDLY SCT RW-. TOPS SHWRS 180. Figure 9-58. The area forecast has 
OTLK...VFR several sections, beginning with a 


VER Cloud RMNDR AREA,..100-120. ISOLD RW- MNLY ERN PTNS AREA. communications and product 
CEEE JA OTEK... VER header, which identifies the area 
and Weather : Lee, 
and provides the valid times. Area 
forecasts contain standard abbrevi- 
ations and word contractions. The 


UT NV NM AZ 
80 SCT-BKN 150-200. WDLY SCT RW-/TRW-. CB TOPS 450. 


EES o o MIPIR information in this sample forecast 
e CO is interpreted in the accompanying 
FROM BZN TO GCC TO LBL TO DVC TO RKS TO BZN. paragraphs. 


70-90 BKN-OVC 200. OCNL VSBY 3R-F. AFT 20Z WDLY SCT 
TRW-. CB TOPS 450. OTLK...MVFR CIG RW. 


Amendments to FAs are issued whenever the weather significantly improves or 
deteriorates based on the judgment of the forecaster. An amended FA is identified 
by the contraction AMD in the header along with the time of the amended forecast. 
When an FA is corrected, the contraction COR appears in the heading, along with 
the time of the correction. 


PRECAUTIONARY STATEMENTS 

Following the headers are three precautionary statements which are part of all FAs. The 
first statement alerts you to check the latest AIRMET Sierra, which describes areas of 
mountain obscuration which may be forecast for the area. The next statement is a 
reminder that thunderstorms imply possible severe or greater turbulence, severe icing, 
low-level wind shear, and instrument conditions. Therefore, when thunderstorms are 
forecast, these hazards are not included in the body of the FA. The third statement points 
out that heights which are not MSL are noted by the letters AGL (above ground level) or 
CIG (ceiling). All heights are expressed in hundreds of feet. 
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SYNOPSIS 

The synopsis is a brief description of the location and movement of fronts, pressure sys- 
tems, and circulation patterns in the FA area over an 18-hour period. When appropriate, 
forecasters may use terms describing ceilings and visibility, strong winds, or other phe- 
nomena. In the example, high pressure over northeastern Montana will continue moving 
gradually eastward. A low pressure system over Arizona, New Mexico, and western 
Texas will remain generally stationary. Aloft (ALF), a trough of low pressure extending 
from western Montana into southern Arizona is expected to remain stationary. 


VFR CLOUDS AND WEATHER 
The VFR clouds and weather portion is usually several paragraphs long, and broken 
down by states or geographical regions. It describes clouds and weather which could 
aviation area forecast summarizes sky con- 


affect VFR operations over an area of 3,000 
square miles or more. The forecast is valid for 12 P» 

j = ] ditions, cloud heights, visibility, obstructions 
to vision, precipitation, and sustained surface winds of 


. f V . 
hours, and is followed by a 6-hour categorical Pe Eee eau reomnnclas 
20 knots or greater. 


outlook (18 hours in Alaska). 


When the surface visibility is expected to be six 
statute miles or less, the visibility and obstruc- 
tions to vision are included in the forecast. 
When precipitation, thunderstorms, and sustained winds of 20 knots or greater are fore- 
cast, they will be included in this section. The term OCNL (occasional) is used when 
there is a 50% or greater probability, but for less than 1/2 of the forecast period, of cloud 
or visibility conditions which could affect VFR flight. The area covered by showers or 
thunderstorms is indicated by the terms ISOLD (isolated, meaning single cells), WDLY 
SCT (widely scattered, less than 25% of the area), SCT or AREAS (25% to 54% of the 
area), and NMRS or WDSPRD (numerous or widespread, 55% or more of the area). In 
addition, the term ISOLD is sometimes used to describe areas of ceilings or visibility 
which are less than 3,000 square miles. 


The outlook follows the main body of the forecast, and gives a general description of the 
expected weather, using the terms VFR, IFR, or MVFR (marginal VFR). A ceiling less 
than 1,000 feet and/or visibility less than 3 miles is considered IFR. Marginal VFR areas 
are those with ceilings from 1,000 to 3,000 feet and/or visibility between 3 and 5 miles. 
Abbreviations are used to describe causes of IFR or MVFR weather. 


In the example shown in figure 9-58, the area of coverage in the specific forecast for 
Wyoming and Colorado is identified using three-letter designators. This area extends 

from Bozeman, Montana, to Gillette, Wyoming, to Liberal, Kansas, to Dove Creek, 
Wyoming, to Rock Springs, Wyoming, and back to Bozeman. As mentioned previously 

under the header, the valid time begins on the 14th day of the month at 1100Z for a 

12-hour period. A broken to overcast cloud layer begins between 7,000 to 9,000 feet MSL, 

with tops extending to 20,000 feet. Since visibility and wind information is omitted, the 
visibility is expected to be greater than six statute miles, and the wind less than 20 knots. 
However, the visibility (VSBY) is forecast to be occasionally 3 miles in light rain and fog 

(3R-F). After 2000Z, widely scattered thunder- 

storms with light rain showers are expected, with i "P 

cumulonimbus (CB) cloud tops to 45,000 feet. Pd When the wind valieeiiaaisiea Be 20 lai a 
The 6-hour categorical outlook covers the period a greater the calege Hee euuceinneevatan 
from 2300Z on the 14th to 0500 on the 15th. The area forecast includes the contraction WND. 
forecast is for marginal VFR weather due to ceil- 

ings (CIG) and rain showers (RW). 
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WINDS AND TEMPERATURES A 
FORECAST 


A winds and temperatures aloft forecast (FD) provides an estimate of wind direction 

in relation to true north, wind speed in knots, and the temperature in degrees Celsius 

for selected altitudes. Depending on the station elevation, winds and temperatures are 

usually forecast for nine levels between 3,000 and 39,000 feet. Information for two 

additional levels (45,000 foot and 53,000 foot) may be requested from a FSS briefer or 
NWS meteorologist, but are not included on an 

/ In a winds and temperatures aloft forecast, FD. [Figure 9-59] 
Rd | winds are given in true direction and speed Heading Information 

is shown in knots. ka The heading includes the type of forecast, the day of the month, and 

the time of transmission. 


Time 
The second line tells you the forecast is based on observations 
at 1200Z and is valid at 1800Z on the 15th. It is intended for 
use between 1700Z and 2100Z on the same day. 


FD KWBC 151640 


BASED ON 151200Z DATA 


VALID 151800Z FOR USE 1700-21002 TEMPS NEG ABV 24000 


FT 3000 6000 9000 12000 18000 24000 30000 


2420 2635-08 2535-18 2444-30 245945 


2725+00 2625-04 2531-15 2542-27 265842 


2321-04 2532-08 2434-19 2441-31 235347 


L7OV-—OL = BILAL S— Os 2219507 2380-1 ee 24e 5-30 2a 


Winds and Temperatures 
Since temperatures above 24,000 feet are always negative, a note indicates that the 
minus sign is omitted for 30,000 feet and above. The column on the left lists the FD 

location identifiers. The columns to the right show forecast information for each level 
appropriate to that location. 


Figure 9-59. This excerpt from an FD shows winds only to the 30,000-foot level. As stated on the report, 
all temperatures above 24,000 feet are negative. 


It is important to note that temperatures are not 
forecast for the 3,000-foot level or for any level 
within 2,500 feet of the station elevation. 
Likewise wind groups are omitted when the 
level is within 1,500 feet of the station elevation. 
At Denver (DEN), for example, the forecast for 
the lower two levels is omitted, since the station 
elevation at Denver is over 5,000 feet. 


' D A winds and temperatures aloft forecast 
] Rè (FD) does not include winds within 1,500 
feet of the station elevation. Likewise tem- 


peratures for the 3,000-foot level or for a level within 
2,500 feet of the station elevation are omitted. 


The presentation of wind information in the body of the FD is similar to other reports 
and forecasts. The first two numbers indicate the true direction from which the wind 
is blowing. For example, 2635-08 indicates the wind is from 260° at 35 knots and the 
temperature is —8°C. Quite often you must 
interpolate between two levels. For instance, if 
you plan to fly near Hill City (HLC) at 7,500 
feet, you must interpolate. Refer to figure 9-59, 
since your planned flight altitude is midway 
between 6,000 and 9,000 feet, a good estimate 
of the wind at 7,500 feet is 190° at 10 knots 
with a temperature of —2°C. 


Wind direction and speed information on an 
FD are shown by a four-digit code. The first 
two digits are the wind direction in hundreds 
of degrees. Wind speed is shown by the 
second two digits. The last two digits indicate the temper- 
ature in degrees Celsius. All temperatures above 24,000 
feet are negative and the minus sign is omitted. 
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Wind speeds between 100 and 199 knots are encoded so direction and speed can be 
represented by four digits. This is done by adding 50 to the two-digit wind direction 
and subtracting 100 from the velocity. For 

example, a wind of 270° at 101 knots is 
encoded as 7701 (27 + 50 = 77 for wind P» 
direction, and 101 — 100 = 01 for wind a 
speed). A code of 9900 indicates light and. 
variable winds (less than five knots). 
However, wind speeds of 200 knots or more 
are encoded as 199. 


SEVERE WEATHER 
REPORTS AND FORECASTS 


While much weather gathering activity is concerned with routine reports and forecasts, 
considerable effort is also devoted to monitoring and reporting severe weather conditions. 
The National Hurricane Center in Miami, Florida issues hurricane advisories, while the 
National Severe Storms Forecast Center in Kansas City, Missouri issues special reports and 
forecasts for other severe weather conditions. These include convective outlooks, and 
severe weather watch bulletins, AIRMETs, SIGMETs, and convective SIGMETs. AIRMETs, 
SIGMETs, and convective SIGMETs are discussed in detail in Section E. 


HURRICANE ADVISORY 


When a hurricane is located at least 300 nautical miles offshore, but threatens a coast 
line, a hurricane advisory (WH) is issued. The WH gives the location of the storm cen- 
ter, its expected movement, and the maximum winds in and near the storm center. It 
does not contain specific ceilings, visibility, and weather hazards. As needed, those 
details will be reported in Area Forecasts, Terminal Aerodrome Forecasts, and in-flight 

advisories. [Figure 9-60] 


To decode a forecast with winds between 
100 and 199 knots, subtract 50 from the 
two-digit direction code and add 100 to the 
two-digit wind speed code. The code 9900 indicates the 
winds are light and variable. 


Figure 9-60. Hurricane Bonnie, 
shown in this Space Shuttle photo- 
graph, never reached landfall. Even 
as a category 1 hurricane, Bonnie 
likely would have been reported in a 
WH and its effects would have been 
evident on the eastern seaboard. 


CONVECTIVE OUTLOOK 


The convective outlook (AC) forecasts general thunderstorm activity for the next 24-hour 


period. ACs describe areas in which there is a 
risk of severe thunderstorms. Severe thunder- 
storm criteria include winds equal to or 
greater than 50 knots at the surface or hail 
equal to or greater than 3/4 inch in diameter, 
or tornadoes. Convective outlooks are useful 
for planning flights within the forecast period. gon 


A convective outlook describes prospects 
Rd for an area coverage of both severe and 
į general thunderstorms during the following 
24-hour period. 
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SEVERE WEATHER WATCH BULLETIN 

A severe weather watch bulletin (WW) defines areas of possible severe thunderstorms or 
tornadoes. WWs are issued on an unscheduled basis and are updated as required. Since 

severe weather forecasts and reports may affect 

the general public, as well as pilots, they are l 
widely disseminated through all available media. P» avare Wenna watch bulletins are issued 
When it becomes evident that no severe weather Q only when required. 
will develop or that storms have subsided, can- 
cellation bulletins are issued. 


In order to alert forecasters and weather briefers that a severe weather watch bulletin is 
being issued, a preliminary message, called an alert severe weather watch (AWW) is 


sent. Each AWW is numbered sequentially beginning with the first of January each year. 
[Figure 9-61] 
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Figure 9-61. AWW in the header identifies this report as a severe weather forecast alert. This message warns of 
possible tornado activity, large hail, and winds in excess of 60 miles per hour. The watch area is defined by a line 


from a point 30 miles west of Augusta, Georgia to a point 30 miles northeast of Elizabeth City, North Carolina. A 
detailed severe weather watch bulletin (WW) immediately follows the alert message. 


Tornado Myths 


Many myths about tornadoes have been promoted as fact. One such misconception is that you should open the 
windows in your house to equalize the pressure difference as the storm approaches. In fact, your windows will prob- 


ably get broken anyway because the winds in the walls of the vortex can reach 100 to 200 miles per hour. In addition, inside the 
tornado is a barrage of boards, stones, tree 


limbs, and anything else that the winds can 
move through the air. 


Given the aerodynamics of a house, it is 
unlikely that open windows would allow the 
strong winds of a tornado to pass through 
the house and leave it undamaged. In reality 
the open windows allow the air to exert 
pressures on the structure from the inside, 
blowing it up like a balloon. The best thing 
for you to do is to leave the windows alone 
and move to the basement or other shelter 
as quickly as possible. 
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An aviation routine weather report (METAR) is an observation of surface weather 
written in a standard format which typically contains 10 or more separate elements. 


A non-routine aviation weather report (SPECI) is issued when a significant change 
in one or more of the elements of a METAR has occurred. 


Prevailing visibility is the greatest distance an observer can see and identify objects 
through at least half of the horizon. 


Runway visual range (RVR) is based on what a pilot in a moving aircraft should see 
when looking down the runway. If included in a METAR, RVR is reported follow- 
ing prevailing visibility. 


A ceiling is the height above ground level of the lowest layer of clouds aloft which 
is reported as broken (BKN) or overcast (OVC), or the vertical visibility (VV) into an 
obscuration. 


Radar weather reports (SDs) define general areas of precipitation, particularly 
thunderstorms. 


The bases and tops of cloud layers, in-flight visibility, icing conditions, wind shear, 
and turbulence may be included in a pilot weather report (PIREP). 


Terminal aerodrome forecasts (TAFs) predict the weather at a specific airport for a 
24-hour period of time. 


An aviation area forecast (FA) is a good source of information for weather at airports 
which do not have terminal aerodrome forecasts, as well as for enroute weather. 


An estimate of wind direction in relation to true north, wind speed in knots, and 
the temperature in degrees Celsius for selected altitudes can be found in the winds 
and temperatures aloft forecast (FD). 


A convective outlook (AC) forecasts general thunderstorm activity for the next 
24-hour period. 


Areas of possible severe thunderstorms or tornadoes are defined by a severe 
weather watch bulletin (WW). 


KEY TERMS 


Aviation Routine Weather Report Ceiling 
(METAR) 

Radar Weather Report (SD) 
Non-Routine (Special) Aviation Weather 


Report (SPECI) Pilot Weather Report (PIREP) 
Prevailing Visibility Terminal Aerodrome Forecast 
(TAF) 


Runway Visual Range (RVR) 


SECTION C 


eaaa sii 


— 


CHAPTER 9 METEOROLOGY 


Aviation Area Forecast (FA) Convective Outlook (AC) 


Winds And Temperatures Aloft Severe Weather Watch Bulletin (WW) 


Forecast (FD) 
Alert Severe Weather Watch (AWW) 


Hurricane Advisory (WH) 


QUESTIONS 


Use the following METAR for Ponca City Municipal Airport (KPNC), to answer the 
questions 1 through 5. 


METAR KPNC 161954Z 03015G27KT 2SM -RA BR BKN007 BKN017 OVC030 
07/06 A2978 RMK PK WND 06030/51 SLP086 T00670061 


1. What are the reported winds? 


A. 03° at 015 knots with gusts from 220° at 7 knots 
B. 300° at 15 knots with gusts at 27 knots 
C. 030° at 15 knots with gusts to 27 knots 


2. What is the reported intensity of the rain in Ponca City, Oklahoma? 


A. Moderate 
B. Light 
C. Heavy 


3. What is the height of the lowest ceiling at Ponca City Municipal? 


A. 700 feet 
B. 1,700 feet 
C. 3,000 feet 


4. What is the actual temperature/dewpoint at Ponca City Municipal Airport? 
5. What is the sea level pressure in millibars? 
6. True/False. Altitudes given in PIREPs are in hundreds of feet MSL. 


7. Ina TAF what does the code TEMPO indicate? 


Use the following TAF for Dallas Fort Worth International Airport (KDFW), to answer 
questions 8 through 11. 
TAF 
KDFW AMD 1618492161918 14015G20KT P6SM VCTS BKNO15CB OVC040 
FM2100 17015G20KT P6SM VCTS BKNO20CB OVC050 
FM0200 20008KT P6SM BKN012 OVC030 
TEMPO 0206 2SM -RA OVC008 
FM0600 24012KT P6SM BKNO12 OVC030 PROB30 0612 -RA 
FM1400 24010KT P6SM SCT020 BKNO60 


8. What is the valid period for the KDFW TAF? 


A. 1900Z to 1800Z the following day 
B. 1600Z to 1900Z the following day 
C. 1600Z to 1800Z the following day 
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SECTION C 


9. What weather conditions are forecast to exist between 0200Z and 06002? 


10. What does the statement PROB30 0612 -RA indicate? 


A. There is a probability of light rain over 30% of the vicinity 
B. There is a 30% probability of light rain during the forecast 
C. There is a 30% probability of light rain occurring between 0600Z and 1200Z 


11. True/False. After 1400Z the visibility at KDFW will be less than 6 statute miles. 


Use the following area forecast excerpt to answer questions 12 through 15. 


SLCC FA 191145 

SYNOPSIS AND VFR CLDS/WX 

SYNOPSIS VALID UNTIL 200600 

CLDS/WX VALID UNTIL 200000 . . . OTLK VALID 200000-200600 
ID MT NV wy co AZ NM. 


SEE AIRMET SIERRA FOR IFR CONDITIONS AND MTN OBSCN. 
TSTMS IMPLY PSBL SVRE OR GTR TURBC SVR ICG LLWS 
AND IFR CONDS. 

NON MSL HTS ARE DENOTED BY AGL OR CIG. 


ID WY MT 
ERN WY 30 BKNV OVC. SCT SW-. OTLK . . . VFR. 
RMDR AREA . . . 60-80 BKN. OCNL SW IN MTNS. 


co 
WRN PTN 80-120 SCT. 18Z 60-100 BKN. VSBY 4-6 SW-. 


OTLK . . . MVFR CIG SW. E OF DVD. . . 15-25 OVC WITH OCNL CIGS 
BLO 20 OVC VSBYS BLO 5 R-S-. OTLK . . . MVFR CIG BCMG VFR BY 022Z. 


12. What is the outlook for Wyoming? 


Cee VE 
B. IFR 
C. MVFR 


13. True/False. In Colorado, the sky condition after 1800Z is forecast to be 6,000 feet to 
10,000 feet broken. 


14. What are the forecast ceilings east of the divide? 


15. What is the outlook for Colorado by 02002? 


A. VFR 
B. IFR 
C. MVFR 


16. In the winds and temperature aloft forecast at 30,000 feet, how is 751015 decoded? 
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SECTION D 


GRAPHIC WEATHER 
PRODUCTS 


Through the use of graphic weather products you can quickly assess large-scale weather 
patterns, identify trends, and predict the weather that might occur over time. The 
weather charts can help you identify areas of IFR weather at a glance and also see where 
IFR conditions are forecast within the next 12 to 24 hours. These graphic weather 
products use data gathered from ground observations, weather radar, satellites, and 
other sources, and provide valuable flight planning information for any flight whether 
VFR or IFR. 


GRAPHIC REPORTS 


Reports of observed weather are graphically depicted in a number of products. These 
include the surface analysis chart, weather depiction chart, radar summary chart, 
satellite weather pictures, and observed winds aloft chart. 


SURFACE ANALYSIS CHART 


The surface analysis chart, also referred to as a surface weather analysis chart, is a 
computer prepared graphic which covers the contiguous 48 states and adjacent areas. It 
shows weather conditions as of the valid time shown on the chart. [Figure 9-62] By 
reviewing this chart, you can get a picture of atmospheric pressure patterns at the earth’s 
surface. These pressure patterns are depicted by solid lines called isobars. If you see 
isobars that are close together on the chart, the pressure gradient is higher than the 
surrounding area and the wind is usually stronger. Additionally, you also can see the 
locations of high and low pressure systems and associated fronts, as well as temperature 


and dewpoint, wind direction and speed, local weather, and obstruction to vision. This 
chart is transmitted every three hours. 
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Figure 9-62. This excerpt shows a prominent low pressure center in the southeast portion of the United States. 
Isobars connecting points of equal pressure are usually drawn at four-millibar intervals. The inset on the right 
shows how they are numbered; the number 12 means the line connects points where the pressure is 1012 
millibars. When the pressure gradient is weak, dashed isobars are sometimes inserted at two-millibar intervals 
to easily define the pressure patterns. Some common chart symbols are shown in the left inset. Weather service 
meteorologists sometimes add standard colors to make the chart easier to read. 


_ When solid lines, called isobars, are close 
together on the chart, the pressure gradient 
is greater and wind velocities are stronger. 


‘ — 

A surface analysis paar a good source f 
for general weather information over a wide 
area, depicting the actual positions of É 
fronts, pressure patterns, temperatures, dewpoint, : 
_ wind, weather, and obstructions to vision at the valid 
_ As shown in figure 9-62, a dashed line on time of the chart ae 

a surface analysis chart indicates a weak pa 


pressure gradient. 


The surface analysis chart also provides surface weather observations for a large number 
of reporting points throughout the United States. Each of these points is illustrated by a 
station model. Round station symbols depict stations where observations are taken 
by human observers. Square station symbols indicate automated sites. Other models, 
which appear over water, display information gathered by ships, buoys, and offshore oil 


platforms. [Figure 9-63] 


. symbols are listed below. 
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SKY COVER 


Sky cover is depicted in the center of the 
The five possible symbols are shown below. 


WIND 


Symbols extending out from the station 
circle give wind information. The symbol 
shows the general true direction of the 
surface wind and the velocity in knots. 
The absence of a wind symbol and a 
double circle around the station means 
calm wind. True wind direction is shown 
by the orientation of the wind pointer. 
Velocity is indicated by barbs and/or 
pennants attached to the wind pointer. 
One short barb is 5 knots, a longer barb 
is 10 knots, and a pennant is 50 knots. 
For example, the wind pointer in the 
sample station model shows the wind is 
from the northwest at 15 knots. 


Clear Scattered Broken 


TEMPERATURE 


Temperature is shown in degrees Fahrenheit. 
For example, the temperature at the sample 
station is 44°F. 


PRESENT WEATHER 
Some of the more common weather 
in this 
example, continuous rain is occurring. 
= Og 
Intermittent rain 
es Continuous rain 
% Intermittent snow 
%*X Continuous snow 
» Intermittent drizzle 
» Continuous drizzle 
[€ Thunderstorm with rain 
Shower (¥ rain shower) 
S Dust- or sandstorm 
co Haze 


K- 


\4 


KABI 


POINT 


int is shown in degrees Fahrenheit. ! 
e example, the dewpoint is 42°F. : r Ë 
PRECIPITATION 

R ` The precipitation over the last 6- 
TION IDENTIFIER _ hour period is given to the nearest 
station identifier is shown to the lower left © -hundredths of an inch. In the 
e station model. This observation is from example, 0.45 inch of precipitation 
1, or Abilene Regional Airport. ‘has fallen in the last 6 hours. 


Overcast 
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station model. 


O 8 S @ & 


Obscured or 
Partially Obscured 


CLOUDS 

Low cloud symbols are placed below the 
station model, while middle and high 
cloud symbols are placed immediately 
above it. A typical station model may 
include only one cloud type; seldom are 
more than two included. Decoding 
information for these symbols is available 
in various FAA publications and at flight 
service stations. 


SEA LEVEL PRESSURE 


Sea level pressure is shown in three 
digits to the nearest tenth of a millibar 
(hPa). For 1000 mb or greater, add a 10 
to the 3 digits. For less than 1000 mb, 
add a 9 to the 3 digits. In this example, 
the sea level pressure is 1014.7 mb 
(hPa). 


PRESSURE CHANGE/TENDENCY 


The pressure change in tenths of 
millibars over the past 3 hours is shown 
below the sea level pressure. The 
tendency of pressure change is depicted 
using a symbol to the right of the change. 
in the example, pressure has increased 
2.8 mb (hPa) over the past 3 hours, and 
is increasing more slowly or holding 
steady. Other symbols may be decoded 
using information available in various 
FAA publications and at flight service 


stations. 


Figure 9-63. This sample station model is based on information obtained from a manual observation. 


WEATHER DEPICTION CHART 


The weather depiction chart provides an overview of favorable and adverse weather 
conditions for the chart time and is an excellent resource to help you determine general 
weather conditions during flight planning. Information plotted on this chart is derived 
from aviation routine weather reports (METARs). Like the surface chart, the weather 
depiction chart is prepared and transmitted by computer every three hours, and is valid 
at the time of the plotted data. Unlike the 
surface chart, pressure patterns and wind 
information are not provided; however, 

simplified station models are included. P 
These station models are depicted as ea 
circles; a bracket symbol ( ] ) to the right of 
the circle indicates an observation made by 
an automated station. [Figure 9-64] 


A (]) plotted to the right of a station circle 
on the weather depiction chart means the 
station is an automated observation location. 


lat ietsaan 
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| Sky cover symbols are the 

~ Same as those used for 

Visibility is shown next to the the surface analysis chart. 

weather or obstructions to vision In this example, the sky 

symbol when it is 6 miles or less. was observed to be 
Visibility is given in miles and overcast 

A tructioycs of-a maw. in daa wri e pme E ce T VER oundilions (ceing srealor 

iig weitedty ii d 12 a hee ic we CS than 3.000 loc AGL and vicibilily 

OWA ealo an 5 sm) wer 

. ORUG i Aisae Not Conininad 

fe witin a oooi. 


r, 


; eo oS ae Ce ae we Gee ee 
Weather and obstructions to 
vision symbols are similar to 
those used on the surface 
analysis chart. When several 
types of weather and/or 
dsini i vation ire 


Cee fe 


pre wer) ony ig mogi s 
G © oe F 

Soman = daceipd in vee 5 i z iico hii rarorna YER conditione (ceifi 

awg, atay eee Oaa A e ve 5 S mee 1,000 io 3,000 bol AGL andor weiblity 3 to 5 


Sm.) prevail 


US DEPT OF canntecs 
WIAA/WMSAWELP NASHIN 


T 


Gah height & piriga under he sitios 
circle in hundreds of feet. If total sky cover 
i Gtutiered oF few. the Goad Heit i Re 
base of the lowest layer. If sky cover is 


conditions (ceiling 

than 1.000 feet 
andor visibility 

A less than 3 s.m.) are 


[rover stagrens © y -7 Ri broken or overcast. the height is the ceiling. on Sh sae a 

AE e e Erea or yanai sky cover without a | ae kra Aa by enclos 
Tu : oa O he orby cates iy shy cover Tho >. — tapu hatened areas. 

1263 aut oF ige O- , ; i RUY, 


o a 


base of the overcast layer at the sample WARE T vesia wA 


simion ts at 500 foal AGL ' e VŠB» LESS. TH 
z : AN : e 
Ritu WKanrns... TER ANEA@S HITH CIG GREATER 3, 


YOR EQUAL TO 1000 ieee is EQUAL 10,3000 FT f - 
N/R VSBY GREATER YHAN OR EGUAL 1a E THAN QR ehya T 5 MI 
Aa as KTU S» VF3 AREAS HITH ARSD THAN ; 5 pe 
\ 3000 FT aNd VSBY GREATER THAN 5 KI ` es] 
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Figure 9-64. The weather depiction chart can give you a birds-eye view of areas of both VFR and IFR weather. 
However, the weather depiction chart may not represent the total enroute conditions because of variations in 
terrain and weather occurring between reporting stations. 


RADAR SUMMARY CHART 


The computer-generated radar summary chart graphically depicts a collection of radar 
weather reports (SDs). The information for both products is gathered by special weather 
radar systems. These systems transmit a pulse of radar energy from a rotating antenna in 
a circle around the radar site. When the signals encounter precipitation, they are 
reflected back to the antenna. The reflected signals, also called echoes, are then 
presented on a radar display which shows the strength (levels 1 through 6), and location 
of the radar return. The radar summary chart uses this data to depict the location, size, 
shape, and intensity of returns, as well as the intensity trend and direction of movement. 
On the chart, echo intensity is shown by contours. These contours identify three levels 
of intensity. The first contour represents levels one and two, weak to moderate returns 
(light to moderate precipitation); the second shows levels three and four, or strong 
to very strong returns (heavy to very heavy precipitation); the third contour outlines 
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levels five and six, which represents intense and extreme returns (intense to extreme 
precipitation). In addition, the chart shows lines and cells of hazardous thunderstorms 
as well as echo heights of the tops and bases of precipitation areas. [Figure 9-65] 


ht of precipitation (not cloud) tops and ~ — 
ses is displayed in hundreds of feet MSL. Precipitation abbreviations are similar 
tops are printed above a short line while any to those used in METARs. Intessity 
available bases are shown below. The ‘wend symbols (-/+) follow the 
psence of a base figure muicaies inal We precipitation type. A + indicates a new. 
cho base is at or near the ground. This ig not echo or one which is increasing © 
urgbeal since precipitation usually reaches : intensity. The absence of an intensity 
ie gourd The top height is the highest in te trend sympo! means ina? We intensity 
iRdicated area. All heights should be of the associated weather is ħoiding 
sidered approximate due to radar steady. A - symbol indicates a 
fii@ations. in this case. the top of a singie cee decreasing intensity. This syribo! 
#tvin Mis area is 24.400 feet MSL. The line depicts a rain shower with no change ih 
trom the number into the retum area marks 
> ite locaton ol the cet 


{f-90 reoort from a radar 
site was received. the 
“notation NA will appear. 
Precipitation may be 
present in this area. but 
-cannot be detected by 

$ surfounding radar 


in 7 by JA 
tadar, the notation NE appears 
-iü He vicinity ot the radar site. 


speed A khos narod 16 A 
Z% number at the top of the arrow 
Nome Coad This col ie moving muih at 
i T a brot 
üdicating the d A PN a pa KA Saa 
e barbs showing 4 a & 


i! 


N 


RAK) 


i E 
whole barb fs 10 Knots. 3 B 
nd a pennant is 50 knots Baam P 
üf area of precipitation %® < 
iea HER HATCH AREAS 
BE AREA START „END 


WSq348 18037 00007 
. WSG349 20057 02007 
i 


Where ie et ons O10 covernge. * 
me line of cotovs © labeled SLD at bom 
ends A fodk-shaped echo (HOOK) 


. gevere weather watch area. in this case, the 
-þpotation WSO0349 appears above the box. 
Yee letters WS ideniily itis as 4 Severe 
understorm watch area; a WT would 
dicate a tornado watch area, The numbers 
0349 mean this is the 349th severe weather 
_ watch to be issued during the year. 


may be associated with a tornade. 1% | 


-a line echo wave pattern (LEWP), one 


partion ot a squall line bulges qut 


ahead of the rest producing strong, 


gusty winds. Sensitivity time control 


-{STC) is a radar feature wheel) 
| diminishes nearby echoes to enhance 


; f@ceplion of more distant relied. Tha 
| Way Mask some echoes or disicrt 
thes lative indansites 


Figure 9-65. The absence of echoes on a radar summary chart does not guarantee clear conditions. To be 
most effective, radar summary charts should be used in combination with other reports and forecasts. 


While the radar summary chart is a valuable 
preflight planning tool, it has certain limitations. 
Since radar only detects precipitation, either 
in frozen or liquid form, it does not detect all 
cloud formations. For instance, fog is not 
displayed, and actual cloud tops may be higher 
or lower than the precipitation returns 
indicate. Also, you should keep in mind that it 
is an observation of conditions that existed at 


lls a T 
Radar summary charts are the only 
weather charts which show lines and cells 
of thunderstorms. You can also determine l 
the tops and bases of the echoes, the intensity of the 
precipitation, and the echo movement. See figure 9-65. 


GRAPH 


Fiqure O.A Thunderstorms such as this single cell 

+ alr ~i "l A ` =< <P A 
storm IOVE quicr an ’>refore, may not be 
de cte i = G I u J na t 


the valid time. Since thunderstorms develop rapidly, you should examine other weather 
sources for current and forecast conditions that may affect your flight. [Figure 9-66] 


A radar summary chart is most effective 
when used in combination with other 
charts, reports, and forecasts. 


Courtesy of George McCray H 


Radar data is also used to produce computer-generated composite images which can 
provide you with valuable real time weather information. A single-site radar image has 
limited viewing distance and can contain extraneous information such as ground clutter. 
To resolve these problems, radar images are combined from several locations to produce 
a composite radar image, which effectively increases the viewing distance and gives you 
a more complete picture of the weather. 


SATELLITE WEATHER PICTURES 


Some of the most recognizable weather products come from satellites. Specialized 
weather satellites not only generate photos, but also record temperatures, humidities, 
wind speeds, and water vapor locations. Two types of images are available from weather 
satellites — visible and infrared (IR). Visible pictures are used primarily to determine 
the presence of clouds as well as the cloud shape and texture. IR photos depict the heat 
radiation emitted by the various cloud tops and the earth’s surface. The difference in 
temperature between clouds can be used to determine cloud height. For example, since 
cold temperatures show up as light gray or white, the brightest white areas on an IR 
satellite photo depict the highest clouds. Both types of photos are transmitted every 30 
minutes except for nighttime when visible photos are not available. [Figure 9-67] 


Cinira 0-67 When a comnmoscite radar imaae and 
Fi yt When a composite fe I e anc 
an infrared photo of the sar 

together they show the extent of 

that you may expect. 
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What’s going on out there? 


Satellite imaging is changing the way we look at the world. Weather 
satellite images which, for a time, were rarely seen by the public are now 
commonplace. Every evening, for example, the meteorologist on your local news runs a 
loop of the day’s satellite pictures. But, have you ever wondered what it would be like if 
you could zoom into your neighborhood or get a birds-eye view of your local airport. 


Well, now you can. Earth Watch Incorporated is providing low-cost, high-resolution 
satellite images which can be delivered directly to your desktop personal computer. 
Digital images can have a resolution as high as 0.82 meters which means that each 
pixel of the image represents about 32 inches on the surface of the earth. This is near 
photograph quality. Figure A is an example of a 0.82 meter satellite image of 
Concourse D at San Francisco International Airport. 


Though this type of surface imaging will not replace an aerial photo, in some situations 
it can be of great value for planning. As a city planner or airport manager, this type of 
data would be invaluable if you need a digital image for planning the expansion of an 
runway, a terminal, or ensuring regulatory compliance and land ownership. 


Even though satellite imaging is not a new technology, the advancements in current 
technology has improved quality and availability of images. Figure B is an infrared 
image of Canberra, Australia. 


COMPOSITE MOISTURE 
STABILITY GHART 


The composite moisture stability chart is an analysis chart derived from observed upper 
air data. Composed of four panels, this chart is available twice a day, with valid times of 
0000Z and 1200Z. Each of the four panels present different information which can be 
used to determine the characteristics of a particular weather system in terms of stability, 
moisture, and possible aviation hazards, such as thunderstorms and icing. 


STABILITY PANEL 

The upper left corner of the chart is the stability panel which outlines the areas of 
stable and unstable air. [Figure 9-68] On this panel you will see sets of numbers which 
resemble fractions, the top number is the lifted index (LI), and the bottom number is the K 
index. The lifted index is the difference between the temperature of a parcel of 
air being lifted from the surface to the 500-millibar level (approximately 18,000 feet MSL) 
and the actual temperature at the 500-millibar level. If the number is positive, the air is con- 
sidered to be stable. For example, a lifted index of +8 would be considered very stable and 
the potential for a severe thunderstorm would 
be weak. On the other hand, if the number is 
negative, the air is considered unstable. An 
index of -6 or less would be very unstable and temperature of a parcel of air theoretically 
have a strong potential for a severe thunder- l lifted from the surface to 500 millibars and 
storm. A zero index is neutrally stable. the existing temperature at 500 millibars is called 

ited index g i 


iy a 
The difference found by subtracting the 


The K index is used primarily by meteorolo- 
gists. This is the number which indicates 
whether the conditions are favorable for airmass thunderstorms. Unlike the lifted 
index, the K index is based on temperature, low-level moisture, and saturation. The 
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probability of airmass thunderstorms increases with high K values. A K index of 15 or 
less would be forecast as a 0% probability of airmass thunderstorms and an index of 40 
or more is forecast as 100% percent probability. 


LIFTED I i e asie A i 
$ K INDE è 
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Figure 9-68. The station model for Miami, Florida shows that the upper atmosphere is very 
unstable with a moderate potential for severe thunderstorms. The K index of 22 indicates a 
21% to 40% probability of airmass thunderstorms. 


For quick reference, the chart is also marked to show areas of relative instability. This 
stability analysis is depicted in two ways. First the station circle is darkened when the 
lifted index is zero or less. Second, solid lines are used to enclose areas which have an 
index of +4 or less at intervals of 4 (+4, 0, -4, -8). The stability panel is an important tool 
for preflight planning because the stability of the airmass will give you an indication of 
the type of clouds and precipitation to expect. For example, if the airmass is stable, you 
should expect fairly smooth air and steady precipitation. On the hand, if the airmass is 
unstable, you should expect convective turbulence and showery precipitation. 


FREEZING LEVEL PANEL 
The lower left of the chart is the freezing level 
panel, which is a depiction of the observed 
freezing level data gathered from upper air 
observations. The freezing level (0° Celsius The freezing level panel of the composite 
isotherm) at the surface is shown as a dashed Rd moisture stability chart is an analysis of the 
contour line. The abbreviation BF is used to observed freezing level data from upper 
indicate stations with temperatures below air observations. 
freezing at the surface. As the freezing level 
increases in height it is shown by solid con- 
tour lines at 4,000-foot intervals which are 
labeled in hundreds of feet MSL. Since the 
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freezing level chart gives you an overall view of the isotherms, you can easily identify the 
altitudes where icing is probable. [Figure 9-69] 


Freezing leval at the suriace 
/ 
I 
l 
s Figure 9-69. Plotted multiple crossings 

80 of zero degree Celsius isotherms always 

pa | shows an inversion with warm air above 
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Surface 
>0° 


0° iostherm crosses at 
5,700 feet and 7,900 feet 


<0° 0° 


Temperature 


PRECIPITABLE WATER PANEL 

The precipitable water panel is the upper right panel of the composite moisture stability 
chart. This panel graphically depicts the atmospheric water vapor available for 
condensation, from the surface 
to the 500-millibar level. Each 
station model is made up of two 
numbers. The number on the 
top is the amount of precipitable 
water in hundredths of an inch. 
Precipitable water is the 


amount of liquid precipitation i le 
SN 


that would result if all water J 
vapor were condensed. The S V 2 
lower number is the percent of f 


eo soto VAE 
J? \ 3 
normal value for the month. | mu” 
4 


For example, if the value is PA 

.44/90, there is 44 hundredths ee, 

of an inch of precipitable water, 13> 6 
which is 90% of the normal ~ 2 


during the month. [Figure 9-70] | © Sore 
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Figure 9-70. The precipitable water panel is used primarily by meteorologists who are concerned with 
predicting localized flooding. 
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For quick reference, the station symbol is filled in when the precipitable water value at 
a station is 1 inch or more. Isopleths (lines of equal value) are also drawn on the panel 
and labeled for every 1/4 inch. To differentiate the isopleths a heavier line is used to 
indicate 1/2 inch isopleths. 


AVERAGE RELATIVE HUMIDITY PANEL 


The lower right panel of the chart is an analysis of the average relative humidity from the 
surface to 500-millibars. The values are plotted as a percentage for each of the reporting 
stations. An M is used when the station report is missing. When a station is reporting a 
relative humidity higher than 50%, the station symbol is darkened. In addition, 
isopleths of relative humidity, called isohumes, are drawn and labeled every 10%, with 
heavier isohumes drawn for 10%, 50%, and 90%. [Figure 9-71] 
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Figure 9-71. Average relative humidities of 
50% or higher are quite frequently associated 
with areas of clouds and possible precipitation. 


For preflight planning purposes, this panel 
is useful for determining the average 
air saturation from the surface to 500-millibars. However, an area with high 
relative humidity may or may not have high water vapor content (precipitable water). 
For example, Las Vegas could have the same average relative humidity as New Orleans, 
but if the precipitable water value is .43 inches in Las Vegas while New Orleans has 1.34 
inches, you can expect greater precipitation in New Orleans. 
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CONSTANT PRESSURE 
ANALYSIS CHART 


The constant pressure analysis chart is an upper air weather map on which all infor- 
mation is referenced to a specified pressure level. It is issued twice daily, with a valid 
time of 1200Z and 0000Z for each of five pressure altitude levels from 850 millibars 
(5,000 feet) to 200 millibars (39,000 feet). The metric equivalent of a millibar is 
hectoPascal (1 mb = 1 hPa). The abbreviation mb/hPa is commonly used in reference 
to constant pressure levels. 


The observed data for each reporting location (at 

the specified altitude) is plotted on the chart. The 

information includes the observed temperature For flight planning purposes, constant 
and temperature/dewpoint spread (°C), wind direc- Rd pressure analysis charts provide a very 
tion (true north) and wind speed (knots), height of good resource for observed winds, 

the pressure surface (meters), and changes in temperatures, and temperature/dewpoint spread along 
height over the previous 12 hours. Although the a route of flight. 

station model allows you to determine specific 
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information at various points along your route, the constant pressure chart is most useful for 
quickly determining winds and temperatures aloft for your flight. [Figure 9-72] 
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Figure 9-72. This is a sample station model with information from a radiosonde as it would be plotted on a 
constant pressure analysis chart. 


Constant pressure charts also depict highs, lows, troughs, and ridges aloft with height contour 
patterns that resemble isobars on a surface map. Cold upper lows are producers of bad 
weather, since the injection of cold air from aloft creates instability. Thus, the area underneath 
cold upper lows will generally have poor flying conditions. Frontal positions are shown in 
the same way as on surface charts, provided the fronts extend up to the pressure level of the 
chart. Fronts are observed most frequently on the 850-millibar and 700-millibar charts which 
correspond to approximately 5,000 and 10,000 feet, respectively. Isotherms or lines of equal 
temperature show the horizontal temperature variations at that altitude. 


The 850-millibar constant pressure chart portrays conditions for low-level flight at approxi- 
mately 5,000 feet MSL. This is the general level of clouds associated with bad weather. This 
chart is valuable for forecasting thunderstorms, rain, snow, overcast, and heavy cloudiness. 


The 700-millibar chart shows weather data in the vicinity of the 10,000-foot level. It 
shows wind conditions associated with heavy clouds and rain, but only well-developed fronts 
appear on this type of chart. The symbols used are the same as those used for the 
850-millibar chart. 


The 500-millibar chart portrays weather at about the 18,000-foot level and represents average 
troposphere conditions. These charts are useful in determining average wind and temperature 
conditions for long-range flights at or near FL180. 


The 300- and 200-millibar constant pressure charts show conditions in the upper atmosphere 
that are significant to high altitude flight. The 300-millibar chart reflects weather at about the 
30,000-foot level; the 200-millibar chart applies at the 39,000-foot level. Height of the pressure 
level, wind, and temperature can easily be determined from a constant pressure chart. 
However, to decode a constant pressure chart, you need to know the level for which the chart 
was issued. [Figure 9-73] 
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Isotachs, or lines of equal wind velocity, are 
drawn only for the 300- and 200-millibar charts. F ) 
z i Hatching on a constant pressure analysis 
Cross-hatching is used on these charts to denote t ) 
i chart indicates windspeeds between 70 
wind speeds of 70 to 110 knots. A clear area 
ae ee f knots and 110 knots. 
within a hatched area indicates winds of 111 to 
150 knots. Another hatched area would denote 
an area of 151 to 190 knots. 


The Profiler 


What is a wind profiler? A wind profiler is a ground-based, remote sensing Doppler radar that is used to observe winds 
aloft. The system is designed to operate in nearly all weather conditions and without human intervention, providing 
nearly continuous measurements of vertical wind structure up to 53,000 feet in the atmosphere. 


Starting in the early 1930s upper air measurements were taken 
with remote telemetry equipment which was carried aloft by a 
helium balloon. Radiosondes are still in use today. Even though 
wind profilers are being used on a limited basis at select locations, 
they represent the first major advance in quantitative upper air 
measurements since the radiosonde was introduced. 


Unlike the twice per day labor intensive radio soundings, wind 
profilers provide continuous measurements automatically. The 
information gathered by the profiler aids in the forecast of severe 
storms, tornadoes, downbursts, and flash floods. For the weather 
researcher, the data is increasing the understanding of the origin and evolution of regional weather events. With the increase in 
weather knowledge and computer modeling of the atmosphere aloft, forecasters are able to make accurate weather forecasts at 
the surface. When used with other existing observational systems, wind profilers help provide the essential information needed 


to improve weather services. 


OBSERVED WINDS AND 
TEMPERATURES ALOFT CHART 


The observed winds and temperatures aloft chart, graphically depicts the winds at eight 
selected levels on two four panel charts. One four-panel chart covers 6,000, 9,000, 12,000, 
and 18,000 feet MSL, and a second chart covers 24,000, 30,000, 34,000, and 39,000 feet MSL. 
These observations are made twice a day at 1200Z and 0000Z. For flight planning, these 
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charts help you choose a cruising altitude with the most favorable winds for your flight 
and to determine the temperature at altitude. However, since the winds and tempera- 
tures are based on observations that are reported only twice, they may not be valid at 
your time of departure. [Figure 9-74] 
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Figure 9-74. Wind direction and speed at each observing station are shown by arrows. When the winds are calm, the 
arrow is omitted, and the letters LV are positioned near the station. If the wind information is missing, an M is used. 


GRAPHIC FORECASTS 


Graphically formatted forecasts for a variety of weather elements are available for 
severeal time periods in the future. These products include U.S. low-level significant 
weather prognostic charts, U.S. high-level 
significant prognostic charts, severe weather 
outlook charts, forecast winds and temperatures 
aloft charts, tropopause data charts, and 
volcanic ash forecast charts. 


The station model as depicted in figure 

9-74 provides wind direction and speed, 
temperature, and dewpoint information ir 
aigraphic format. 


LOW-LEVEL SIGNIFICANT 
WEATHER PROG GHART 


The U.S. low-level significant weather prog 
(prognostic) chart is valid from the surface up 
to the 400-millibar pressure level (24,000 
feet). It is designed to help you plan your 
flights to avoid areas of low visibilities and 
ceilings, as well as regions where turbulence 
and icing may exist. [Figure 9-75] 
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Figure 9-75. A low-level prog chart, which consists of four panels, is issued at 0000Z, O600Z, 1200Z, 
and 1800Z. The two lower panels are 12- and 24-hour forecasts of surface weather conditions, while 
the two upper panels are 12- and 24-hour forecasts of weather between the surface and 24,000 feet. 
Legend information is included between the two upper panels. 


Low-level prog charts are issued four times each day with the valid time printed on the 
lower margin of each panel. Since the two panels on the left forecast the weather 12 
hours from the issue time, and the two panels on the right forecast 24 hours ahead, you 
can compare the two sets of panels to determine the changes expected to take place 
between the two time frames. 


SIGNIFICANT WEATHER PANELS 

The upper panels show areas of nonconvective turbulence and freezing levels as well as 
IFR and marginal VFR (MVFR) weather. Although the definitions of the ceiling and 
visibility categories for this chart are the same as the weather depiction chart, the sym- 
bolsfor portraying IFR and MVFR are different. 


Areas of forecast nonconvective turbulence are shown using a dashed contour line 
on the significant weather panels. Concentrations of moderate or greater turbulence 
are enclosed in dashed lines. Numbers within these areas give the height of the 
turbulence in hundreds of feet MSL. Figures below a line show the expected base, while 
figures above a line represent the top of the turbulence. Since thunderstorms always 
imply moderate or greater turbulence, areas of possible thunderstorm turbulence are 
not outlined. 
9-93 
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Forecast freezing levels are also depicted on the significant weather panels. Freezing 
level height contours for the highest freezing level are drawn at 4,000-foot intervals with 
dashed lines. These contours are labeled in hundreds of feet MSL. A zig-zag line labeled 
SFC shows the surface location of the freezing level. 


SURFACE PROG PANELS 

The two lower panels are the surface prog panels. They contain standard symbols for 
fronts and pressure centers. Direction of pressure center movement is shown by an 
arrow; the speed is listed in knots. In addition, areas of forecast precipitation, as well as 
thunderstorms, are outlined. [Figure 9-76] 


Showery precipitation 
(thunderstorms/rain- Rain Shower 
showers) covering half 

or more of the area. 


Severe 
Turbulence 


Snow Shower Moderate Icing 
Continuous precipitation 
(rain) covering half or 
more of the area. Thunderstorms Severe Icing 


Showery precipitation 
(snow showers) covering 
less than half of the 


area. Tropical Storm Snow 


Freezing Rain | Rain 


Intermittent precipitation 
(drizzle) covering tess Hurricane Drizzle 
than half of the area. (Typhoon) 


Moderate 
Turbulence 


Figure 9-76. An area which is expected to have continuous 
or intermittent (stable) precipitation is enclosed by a solid 
circle. If only showers are expected, the area is enclosed with 
a dot-dash pattern. A shaded area indicates that precipitation 
covers one-half or more of the area. Unique symbols indicate 
preipaeaee ne and the manner p whieh it oan: In the appropriate, tropical storms. Turbulence is depicted on 
case of drizzle, rain, and snow, a single symbol is used to nies. à 
indicate intermittent conditions, while a pair of symbols he low onoi aion a aner Prod E 
denotes continuous precipitation. peaked symbol. Underneath the symbol, figures indicate 
the top and base of the turbulence. See figure 9-76. 
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HIGH-LEVEL SIGNIFICANT 
WEATHER PROG CHART 


The U.S. high-level significant weather prog (prognostic) chart is derived from fore- 
casts for both domestic and international flights and is issued for the altitudes above 
the 400-millibar level (24,000 feet) up to the 70-millibar level (63,000 feet). It presents 
a forecast of thunderstorms, tropical cyclones, 
severe squalls, moderate or greater turbulence, 
widespread duststorms and sandstorms, 
tropopause heights, the location of the jet 
streams, and volcanic activity. Since the low- 
level and high-level prog charts share the same 
symbology, reading the high-level prog is a sim- 
ple process of applying the same definitions as 
for the low-level prog. [Figure 9-77] 


| In figure 9-77, the areas enclosed in 
scalloped lines indicate that you should 

. expect cumulonimbus clouds (CBs), icing, 
and moderate or greater turbulence. 
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| Lowest level of tropopause is 30,000 feet MSL. Isolated embedded cumulonimbus, less than 1/6 

An H is shown in a five sided polygram to coverage, tops to 34,000 feet with bases below 
| Indicate the highest level of the tropopause. a 24.000 feet. You should expect moderate or 
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Figure 9-77. The high-level significant prog chart 

ee here is valid from 0600Z on Saturday the 25th. | A high-level significant weather prognostic 
t covers the altitudes from 25,000 feet MSL (FL250) to Ph : 

60,000 feet MSL (FL600). The three-digit numbers theo M 
contained in the boxes represent the forecast height of isa te naian Soy oe embeded 
the tropopause in hundreds of feet MSL. For example, thunderstorms, and jet stream velocities between 

over south central Nebraska the tropopause is 24,000 feet MSL and 63,000 feet MSL. See figure 9-77. 


expected to be at 45,000 feet MSL. 


SEVERE WEATHER 
OUTLOOK CHART 


The severe weather outlook chart is used 
R primarily for advanced planning and The two-panel severe weather outlook chart is a 
provides a 48-hour outlook for general and 48-hour forecast for thunderstorm activity. The left 
severe thunderstorm activity. The teft panel covers the panel depicts the outlook for general thunderstorm 
first 24 hours and the right panel, the next day. activity and severe thunderstorms for the first 


24-hour period beginning at 1200Z. A line with an 
arrowhead depicts forecast general thunderstorm 
activity. When facing in the direction of the arrow, 
The cross-hatched area on the severe e p eee eras the ee 
Rd weather outlook chart indicates areas of m mie, eee ans rir » it means 
probable severe thunderstorm activity. tie penera : aun n ean a ap a 
Since the right panel only contains a forecast for severe severe intensity. Hatche argas Es EMG poSo e 
é ) severe thunderstorms with an associated risk 
thunderstorms, the letters SVR are displayed in the f F Ea ion SLGT indi 
cross-hatched areas. General thunderstorms are Pi or E 5 : notation m a 
indicated by a heavy line with an arrowhead. The area that there is a slight (2 to 5 peraan coverage) ris 
Me : m of severe thunderstorms occurring during the 
of activity is to the right of the line when facing in the i ; i 
aee forecast period. The other possible risk categories 
direction of the arrow. 3 
include moderate (6 to 10 percent coverage) and 
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high (more than 10 percent coverage). The right panel of this computer-prepared chart 
provides a forecast for the next day beginning at 1200Z. This outlook is for the possibility 
of severe thunderstorms only, and does not include an associated risk factor. [Figure 9-78] 
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Figure 9-78. The severe weather outlook chart is issued every morning at about 0800Z. As a quick 
reference to identify areas of possible thunderstorm activity, the severe weather outlook chart is a 
very good resource for flight planning. 


FORECAST WINDS AND 
TEMPERATURES ALOFT CHART 


The forecast winds and temperatures aloft charts (FD) are 12-hour forecasts valid at 0000Z 
and 1200Z daily. The charts contain eight panels, each of which corresponds to a forecast 
level — 6,000; 9,000; 12,000; 18,000; 
24,000; 30,000; 34,000; and 39,000 feet 
MSL. Predicted winds are depicted 
using an arrow emanating from the 
station circle to show direction to within 
10 degrees. The second digit of the wind 
direction is printed at the end of the 
arrow to help you pinpoint the forecast 
direction. Pennants and/or barbs at the 
end of the arrow depict forecast wind 
speed in much the same way as on the 
surface analysis chart. When calm or 
light and variable winds are expected, 


i 
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the arrow is eliminated and a 99 is hoe colle E T 
r < SEES a vai 
entered below the station circle. =A E AS 


Predicted temperatures are shown as 
whole degrees Celsius near the station 
circle. [Figure 9-79] 


Figure 9-79. The panel on the top is for 39,000 feet. 
The panel on the bottom is for the same forecast 
period, but at 6,000 feet. All altitudes below 18,000 
feet are in true altitude while those above are in 
pressure altitude. 
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TROPOPAUSE DATA CHART 
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SECTION D 


The tropopause data chart is a two-panel chart issued once a day, which contains a 
maximum wind prog and a tropopause height/vertical wind shear prog. When you are 
planning a high-altitude flight, these charts can be effective for determining areas of both 
vertical and horizontal wind shear and the associated turbulence. 


TROPOPAUSE WINDS PANEL 


The tropopause winds prog identifies the direction of the wind by using solid lines called 
streamlines, Since streamlines are drawn so they parallel the direction of the wind it is a 
simple matter of following the streamlines to determine the direction of the wind. 
The dashed lines, called isotachs are used to show the wind speed and are labeled in 
20-knot intervals. Like the 300-and 200-millibar constant pressure analysis charts, cross 
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TROPOPAUSE HEIGHT AND 
VERTICAL WIND SHEAR 
PANEL 

The tropopause height and vertical wind shear prog 
graphically depicts the height of the tropopause in 
terms of pressure altitude and vertical wind shear 
in knots per 1,000 feet. The tropopause height is 
a pressure surface shown by solid lines, which 
connects points where the height of the tropopause 
intersects standard constant pressure 
surfaces. These lines are labeled with 
the pressure altitude in hundreds of 
feet, preceded by the letter F. Dashed 
lines are used to depict the areas of 
vertical wind shear and are shown in 
2-knot intervals. As a general rule, 
you should expect moderate or 
greater turbulence when the vertical 
wind shear is 6 knots or more. 
[Figure 9-81] 


Figure 9-81. This tropopause height/vertical 
wind shear prog indicates the pressure altitude 
over New York is 39,000 feet and the wind 
shear is forecast to be 2 knots per 1,000 feet. 


hatching is used to identify areas which have wind speeds from 70 knots to 110 knots and 


151 knots to 190 knots. A 
clear area enclosed in a 
cross-hatched area is used 
to indicate wind speeds of 
111 knots to 150 knots. 
[Figure 9-80] 


Figure 9-80. This panel is a 
tropopause winds prog, sometimes 
referred to as the maximum wind 
prog. The clear area over western 
Oklahoma bounded by the cross- 
hatched area indicates the winds at 
this pressure level of the chart are 
between 111 knots and 150 knots. 


| The letter F followed by three digits on the 


` tropopause data chart indicates the height 
of the tropopause. Wind shear, in knots 


per 1,000 feet, is depicted by dashed lines at 2-knot 
intervals. See figure 9-81. 
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VOLCANIC ASH 
FORECAST 
TRANSPORT AND 
DISPERSION CHART 


As volcanic eruptions are reported, a volcanic ash 
forecast transport and dispersion chart (VAFTAD) 
is created. The chart is developed, with input from 
National Meteorological Center (NMC) forecasts, 
using a model which focuses on hazards to aircraft 
flight operations with emphasis on the ash 
cloud location. The concentration of volcanic ash 
is forecast over 6- and 12-hour time intervals, 
beginning 6 hours following the eruption. The 
VAFTAD uses four panels in a column for each 
valid time period. The top three panels in a column 
reflect the ash location and relative concentrations 
for an atmospheric layer. The bottom panel in a 
column shows the total ash concentrations from the 
surface up to 55,000 feet (FL 550). [Figure 9-82] The 
VAFTAD chart is designed specifically for flight 
planning purposes only; it is not intended to 
E ; : take the place of SIGMETs regarding volcanic 
AE pan AN eruptions and ash. 
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Figure 9-82. This VAFTAD (reduced from actual size) 
shows the panels associated with the 24- and 36-hour 
valid times. Ash concentration is depicted as low (/), 
moderate (+), or high (I). 
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SUMMARY GHECKLIST 


V To get a picture of atmospheric pressure patterns at the earth’s surface, you can 
refer to the surface analysis chart. 


y The surface analysis chart is a good source of weather information over a wide area. 


vV The weather depiction chart is particularly useful during the preflight planning 
process for obtaining an overview of favorable and adverse weather conditions. 


Y The radar summary chart shows the location, size, shape, and intensity of areas of 
precipitation, as well as the intensity trend and direction of movement. Although 
the chart plots the location of lines and cells of hazardous thunderstorms, it does 
not show cloud formations. When single-site radar images are combined to 
produce a composite radar image, viewing distance is increased and ground 
clutter reduced. 


V Both visible and infrared (IR) imagery are available from weather satellites. The 
visible picture is used generally to indicate the presence of clouds as well as the 
cloud shape and texture. IR photos, which depict the heat radiation emitted by the 
various cloud tops and the earth’s surface, can be used to determine cloud height. 


¥ A composite moisture stability chart can help you avoid areas of icing and 
thunderstorms and determine the characteristics of a particular weather system by 


depicting the stability and moisture of a given airmass. 
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vV The constant pressure analysis chart depicts observed weather data at five different 
levels. The information includes temperature, temperature/dewpoint spread, wind 
direction, wind speed, height of the pressure surface in meters, the changes in 


height in the previous 12 hours, as well as upper air highs, lows, troughs, ridges, 
and fronts. 


v The observed winds and temperatures aloft chart is useful for determining the 
optimum altitude for the most favorable winds and temperature for your flight. 


/ The U.S. low-level significant weather prog chart can not only help you avoid areas 
of significant turbulence, but it also can provide you with information to help you 
avoid areas where temperatures are conducive to aircraft icing. The chart is valid 
from the surface up to 24,000 feet. 


v The upper panels of the low-level significant weather prog chart show areas of 
nonconvective turbulence and freezing levels, as well as areas of IFR, marginal 
VFR, and VFR weather from the surface to 24,000 feet. The surface prog panels, 
contained in the lower portion of the chart, use standard symbols for fronts and 
pressure centers. 


V The high-level significant weather prog chart is valid for altitudes from 24,000 feet 
up to 63,000 feet. It presents a forecast of thunderstorms, tropical cyclones, severe 
squalls, moderate or greater turbulence, widespread duststorms and sandstorms, 
tropopause heights, the location of the jet streams, and volcanic activity. 


V The severe weather outlook chart is a two-panel chart which forecasts thunder- 
storm activity over the next 48 hours. The left panel depicts the outlook for general 
thunderstorm activity and severe thunderstorms for the first 24-hour period 
beginning at 1200Z. The right panel provides a forecast for the next day beginning 
at 1200Z. Only severe thunderstorms are shown on the right panel. 


/ The forecast winds and temperatures aloft chart contains eight panels each of 
which corresponds to a forecast level — 6,000, 9,000, 12,000, 18,000, 24,000, 
30,000, 34,000, and 39,000 feet MSL. The chart is issued at 1200Z and 0000Z and 
is valid for a 12-hour forecast period. 


/ The tropopause data chart is a two-panel chart which contains a maximum winds 
prog and the tropopause height and vertical wind shear prog. These two panels are 
effective for determining areas of both vertical and horizontal wind shear and the 
associated turbulence. 


/ The volcanic ash forecast transport and dispersion chart (VAFTAD) forecasts the 
concentration of volcanic ash over 6- and 12-hour time intervals, beginning 6 hours 
following a volcanic eruption. The VAFTAD chart is not intended to take the place 
of SIGMETs regarding volcanic eruptions; it is designed specifically for flight 
planning purposes. 


KEY TERMS 


Surface Analysis Chart Composite Moisture Stability Chart 
Station Model Isopleths 

Weather Depiction Chart Isohumes 

Radar Summary Chart Constant Pressure Analysis Chart 
Composite Radar Image Isotherms 
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[sotachs Severe Weather Outlook Chart 
Observed Winds and Temperatures Forecast Winds and Temperatures 
Aloft Chart Aloft Chart (FD) 
U.S. Low-Level Significant Weather ‘[ropopause Data Chart 
Prog Chart l 

Streamlines 


Freezing Level 
Volcanic Ash Forecast Transport and 


High-Level Significant Weather Prog Dispersion Chart (VAFTAD) 
Chart 


Use the station model to answer questions 1 through 4. 
1. What is the wind direction and speed? 
2. True/False. This station is reporting overcast skies. 
; ? 
3. What is the present weather? 34 157 
A. Light snow X% 2 Vs 


B. Continuous snow 
C. Snow mixed with fog 32 zre 


4. What is the sea level pressure for this station? 


5. What is the significance of a square station model on a surface analysis chart? 


Use the following weather depiction chart excerpt to answer question 6 through 8. 
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6. What type of weather condition exists over southern Iowa? 


A. IFR 
B. VFR 
C. MVFR 
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7. A flight from North Carolina to Georgia passes through what type of front? 


A. Cold front 
B. Warm front 
C. Stationary front 


8. True/False. Thunderstorms and rain are being reported over northwestern 
Arkansas. 


Use the radar summary chart a a to answer qe 9 through 12. 


TUESDAY 


WEATHER WATCH AREAS 
WS473 ISSUED 1903Z VALID UNTILO100z 2035Z% OCT 04 


RADAR SUMMARY 


9. What is the direction of movement and speed of the thunderstorm cell in north- 
western Georgia? 


A. The cell is moving northeast at 18 knots 
B. The cell is forecast to move to the northeast at 18 knots 
C. The cell is moving in a general direction of northeast at 21 knots 


10. What is indicated by the 220 located in northeast Kansas? 


11. What is the meaning of NE in central Oklahoma and NA in west central Florida? 
12. The second level of cross-hatching indicates what type of precipitation? 


A. Light to moderate 
B. Heavy to very heavy 
C. Intense to extreme 


13. How is the freezing level at the surface depicted on a composite moisture stability 
chart? 


14. While constant pressure charts depict observed temperature, temperature/dew- 
point spread, wind direction and speed, and the height of a particular pressure 
surface, the most useful information for general aviation pilots is what? 


A. Height of the tropopause 
B. Winds and temperatures aloft 
C. Location of fronts at the 500 millibar level 
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15. What is an isotherm? 


A. A line of equal wind speed 
B. A line of equal temperature 
C. International Standard Thermal Unit 


Use the accompanying low-level significant prognostic chart to answer questions 
16 through 19. 
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16. The low-level significant weather prognostic chart is for use from the surface up to 
what altitude? 


A. 10,000 feet 
B. 18,000 feet 
C. 24,000 feet 


17. At 0000Z, the weather over northern Utah is forecast to be 


ASMER 
B. VER 
C. MVFR 


18. What is the forecast weather over central Texas? 


A. IFR at 0000Z and IFR at 1200Z 
B. MVFR at 0000Z and IFR at 1200Z 
C. MVFR at 0000Z and MVFR at 1200Z 


19. What does the symbol ay in central New Mexico indicate? 


Use the following high-level significant prognostic chart to answer question 20 
through 23. 


VT1800Z WED A 
HI LVL SIG WX 
400-70MB PROG 
NS4B 516 
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What does the symbol over eastern Montana indicate? 


What is the height and speed of the jet stream over eastern Colorado? 


A. 39,000 feet AGL at 80 knots 
B. 39,000 feet MSL at 80 knots 
C. 39,000 feet MSL at 80 mph 


True/False. The area in the scalloped line indicates isolated, embedded thunder- 
storms with tops at 38,000 feet and bases below 24,000 feet. 


What conditions are forecast for the area contained within the dashed line over 
southern Arizona and Mexico? 


What chart should you refer to for a forecast of general thunderstorm activity? 


A. Weather depiction chart 
B. Composite moisture stability chart 
C. Severe weather outlook chart 


What wind speed and direction is forecast over central New Mexico in the excerpt 
from the forecast winds and temperatures aloft chart shown below? What is the 
forecast temperature? 
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Part of being a safe IFR pilot is keeping up to date on the latest weather developments, 
and maintaining the ability to adjust your plans. The weather briefing process usually 
begins several days before your flight, when you look at mass-disseminated weather 
information and form an initial opinion regarding the feasibility of your flight. As the 
flight gets closer, you should gather more detailed information about the weather along 
your route. Then, during your flight you should update your weather information using 
the various in-flight sources to determine what lies ahead. 


PREFLIGHT WEATHER 
SOURCES 


Federal regulations require that you obtain weather reports and forecasts any time you 
plan on departing IFR or when operating VFR away from an airport. Preflight weather 
information sources include Flight Service Station (FSS) and National Weather Service 
(NWS) telephone briefers, the telephone information briefing service, the Direct User 
Access Terminal System (DUATS), the World Wide Web, and commercial vendors. 


FLIGHT SERVICE STATION 


Flight service stations (FSS) are your primary sources for preflight weather information. 
You can obtain a preflight weather briefing from an automated FSS (AFSS) 24 hours a 
day by calling 1-800-WX BRIEF almost anywhere in the U.S. In areas not served by an 
AFSS, National Weather Service facilities may provide pilot weather briefings. 
Telephone numbers for NWS facilities and additional numbers for FSSs/AFSSs can 
be found in the Airport/Facility Directory (A/FD) or the U.S. Government section of 
the telephone directory under Department of Transportation, Federal Aviation 
Administration, or Department of Commerce, National Weather Service. 


PREFLIGHT WEATHER BRIEFING 

When you request a briefing, you should identify yourself as a pilot and advise the 
briefer whether you plan to fly VFR or IFR. Provide your aircraft number or your name, 
aircraft type, departure airport, route of flight, destination, flight altitude(s), estimated 
time of departure (ETD), and estimated time enroute (ETE). The briefer can then provide 
information pertinent to your proposed flight. 


While pilot weather briefers are not authorized to make original forecasts, they can 
translate and interpret available forecasts and reports into terms that describe the 
weather conditions you can expect along your route of flight and at your destination. As 


you know, there are three types of preflight weather briefings — standard, abbreviated, 
and outlook. 
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STANDARD BRIEFING 

You should request a standard briefing when you are planning a trip and have not 
obtained preliminary weather or a previous briefing. This is the most complete weather 
briefing, and assumes you have no familiarity with the overall weather picture. When 
you request a standard briefing, the briefer automatically provides certain types of infor- 
mation in sequence, if applicable to your proposed flight. [Figure 9-83] 


1. ADVERSE CONDITIONS — This includes the type of information that 
might influence you to alter your proposed route or cancel the flight 
altogether. Examples include such things as hazardous weather or 
airport closures. 


2. VFR FLIGHT NOT RECOMMENDED — The briefer may skip this warning 
if your proposed flight if IFR. It is advisory in nature; the final decision 
whether to conduct the flight under VFR rest with you. 


3. SYNOPSIS — The briefer will provide you with a broad overview of the 
major weather systems or airmasses that affect the proposed flight. 


4. CURRENT CONDITIONS — This information is a rundown of existing 
conditions, including pertinent hourly, pilot, and radar weather reports. 
Unless you request otherwise, this item is omitted if your proposed 
departure time is more than two hours in the future. 


5. ENROUTE FORECAST — The briefer will summarize the forecast conditions along your hase se route in a lo 
from departure through descent for landing. 
= 


6. DESTINATION FORECAST — The briefer will provide the forecast for your destination at your estimated time 
In addition, any significant changes predicted for an hour before or after your ETA will be included. 


7. WINDS AND TEMPERATURES ALOFT—You will be given a summary of forecast winds for your route. If necessary, the 
briefer will interpoiate wind direction and speed between levels and stations for your planned cruising altitude(s). Temperature 
information will be provided on request. 


8. NOTICES TO AIRMEN — The briefer will supply NOTAM information pertinent to your proposed route of flight. However, N 
information which has already been published in the Notices to Airmen publication will only be provided on request. 


9. ATC DELAYS— You will be advised of any known air traffic control delays that might affect your proposed flight. 


10. OTHER INFORMATION — Upon request, the briefer will provide you with other information such as approximate density 
altitude data, MOA and MTR activity within 100 n.m. of the flight plan area, ATC services and rules, as well as customs and 
immigration procedures. 


Figure 9-83. The first three items of a standard briefing may be combined in any order when, in the briefer’s opinion, it 
will help to describe conditions more clearly. 


ABBREVIATED BRIEFING 

When you need only one or two specific items or would like to update weather 
information you obtained previously, request an abbreviated briefing. Provide the 
briefer with the source of the prior information including the time you received it, as 
well as any other pertinent background information. This allows the briefer to limit 
the presentation to new and updated weather information. Usually, the sequence of 
information follows that of the standard briefing. The briefer also will advise you 
of adverse conditions. 


OUTLOOK BRIEFING 

If your proposed departure time is six or more hours away, request an outlook briefing. 
This helps you make an initial judgment about the feasibility of your flight, and should 
be updated with a standard or abbreviated briefing close to flight time. 


TELEPHONE INFORMATION BRIEFING SERVICE 
When you call 1-800-WX-BRIEF, a TOUCH-TONE® activated menu normally allows 
you to choose between a live briefer and recorded weather information. The recorded 
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information is called the telephone information briefing service (TIBS). This service 
provides continuous recordings of area and/or route meteorological briefings, airspace 
procedures, and special aviation-oriented announcements. Other information such as 
METARs and TAFs also may be included. TIBS is designed to be a preliminary briefing 
tool; you may choose this option in place of 
an outlook briefing to determine the overall a l - l 
feasibility of your proposed flight. TIBS is not D The telephone information pnsfing service 
intended to replace a standard briefing from | Rè (TIBS) provided by AFSSs includes 
an FSS or NWS specialist. If you need more . continuous recordings of meteorological 
detailed information than TIBS supplies, the and/or aeronautical information available by telephone. 
AFSS telephone system allows you to transfer 

directly to a briefer. 


DIRECT USER ACCESS 


TERMINAL SYSTEM 

The FAA-funded Direct User Access Terminal 
System (DUATS) allows pilots with a current 
medical certificate to receive weather briefings 
and file flight plans directly via a personal 
computer and modem. You can access DUATS 
using a toll-free number in the 48 contiguous 
United States. [Figure 9-84] 


Companies that provide DUATS service Figure 9-84. Check the Aeronautical Information Manual 
for the most up-to-date list of DUATS providers. 

DTC DUATS 

http:/Awww.duat.com 

Data: 1-800-245-3828 


Voice: 1-800-243-3828 A major benefit of using DUATS is that you do 

GTE DUATS not need to transcribe information that is read to 
http://www.gtefsd.com/aviation/GTEaviation.htm| you over the telephone. Plus, DUATS providers 
Data: 1-800-767-9989 generally offer plain language translation of the 
ee abbreviations in the official FAA weather 
reports, as well as color weather maps that can 

be downloaded and printed. Flight planning computer software generally can import 
DUATS winds aloft data into a flight plan. Jeppesen’s general aviation flight plannin 
software can even plot SIGMETs, A ; z mamaia 
AIRMETs, and other advisories on a l 
map that shows your route of flight. 
[Figure 9-85] 


Figure 9-85. If you are using a personal computer, 
obtaining weather information from DUATS gives 
you a head start to quick, accurate flight planning. 


A danger of using DUATS is that it 
is easy to gather many pages of 
weather data and throw it into your 
flight bag without fully understanding 
it. A live briefer, on the other hand, 
can help you interpret the raw data, 
and provide useful advice on how or 
whether to complete a flight. 
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PRIVATE INDUSTRY SOURCES 

Prior to World War II, the U.S. Weather Bureau (now the National Weather Service) was 
the lone disseminator of weather data. Now, in addition to government sources, there are 
more than 100 companies in the 200 million-dollar-a-year business of providing weather 
information to the aviation industry. Jeppesen’s JeppFax service is one example of a 
commercial source of weather information. If you have a fax machine, you can get 
information ranging from airport and route briefings to real-time radar maps. 


THE WORLD WIDE WEB 


A wealth of weather information, some of which is directed toward aviation, is available 
at a variety of internet web sites. You can usually locate many of the sites by choosing the 
search function available with your internet browser and searching for “weather.” Some 
sites offer real-time images from TV cameras at various locations. The quality of sites 
providing weather information varies widely, so you should exercise caution when 
using this information for flight planning. A source of official information is the National 
Weather Service site at: www.nws.noaa.gov. [Figure 9-86] 


> Metecape Hahona! Weather Sernce Homole | 


CC COT 2 tO thie 
eat ME WENHERTSE 
Our Mission: " To provide weather and flood warnings, public forecasts and advisories far all of the United States, its territories, adjacent waters | 


and ocean areas, primarily for the protection of life and property. NWS data and products are provided to private meteorologists for the provision of || 
all specialized services. " 


- National Weather Service Reinvention Goals for 2000 | 


an NWS response to Vice President Al Gore's National Partnership Jor Reinventing Government 


CURRENT - Links to the latest OFFICIAL weather observations & forecasts 
WEATHER 
CLIMATIC + Links to climatic statistics and historical data archives 

DATA 


Other online sources of weather information 


PUBLIC AFFAIRS -The latest news about NWS issues, programs, & 
Aviation Weather Center 


GENERAL - Links to meteorological topics, organizations, and http:/; / www.awc-kc.noaa.gov 
INFORMATION 


University Corporation for Atmospheric Research (UCAR) 


CENTERS  _ - Technical NWS hydrometeorelogical modeling a] NtËP://www.ucar.edu 
=a 


NWS NATIONAL -NOAA weather radio frequencies, 


AOPA Online 
http:/www.aopa.org 
1-800-USA-AOPA for information 


Figure 9-86. You can access a variety of weather products from the National Weather Service, as well as 
other weather and aviation organizations. 


IN-FLIGHT WEATHER 
SOURCES 


Since weather conditions can change rapidly between the time you obtain your preflight 
briefing and the time you are established enroute, it is prudent to update your weather 
information while in flight. You can obtain weather updates from the enroute flight 
advisory service, FSSs, transcribed weather broadcasts, the hazardous in-flight weather 
advisory service, ARTCC, and automated weather observing systems. 
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IN-FLIGHT WEATHER ADVISORI 
In-flight aviation weather advisories consisting of AIRMETs, SIGMETs, and convective 
SIGMETs are forecasts that advise enroute aircraft of the development of potentially 
hazardous weather. All in-flight advisories in the contiguous U.S. are issued by the 
National Aviation Weather Advisory Unit in Kansas City, MO. All in-flight advisories use 
the same location identifiers (either VORs, airports, or well-known geographic areas) to 
describe the hazardous weather areas. 


AIRMET 
AIRMET is an acronym for airmen’s meteorological information. AIRMETs (WAs) are 
issued every six hours, with amendments issued as necessary, for weather phenomena 
which are of operational interest to all aircraft. These weather conditions are potentially 
hazardous to light aircraft or aircraft having limited capability because of lack of 
equipment, instrumentation, or pilot qualifications. AIRMETs are issued for moderate 
icing, moderate turbulence, sustained winds of 30 knots or more at the surface, ceilings 
less than 1,000 feet and/or visibility less than three miles affecting over 50 percent of an 
area at any one time, and extensive mountain obscurement. AIRMETs use the identifier 
Sierra for IFR conditions and mountain obscuration, Tango for turbulence, strong surface 
ge wer winds, and low-level wind shear, and 
® Zulu for icing and freezing levels. After 
the first issuance of the day, AIRMETs 
are numbered sequentially for easier 
identification. [Figure 9-87] 


The maximum forecast period for an 
AIRMET is 6 hours. 


aooo nN 
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SIGMET 


SIGMETs (WSs) are issued for hazardous weather (other than convective activity) which 
is considered significant to all aircraft. SIGMET stands for significant meteorological 
information and includes severe icing, severe and extreme turbulence, volcanic 
eruptions, and duststorms, sandstorms, or volcanic ash lowering visibility to less than 
three miles. [Figure 9-88] 5 


oon 


i SIGMETs warn of hazardous weather 
' conditions, such as severe icing; 
sandstorms, duststorms, or volcanic ash 


lowering visibility to less than 3 miles; or volcanic 
eruptions, which concern all aircraft. 


Courtesy of NASA 
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SIGMETs are issued whether or not the conditions 
are included in the area forecast. Excluding those 


designators reserved for scheduled AIRMETs, Í When used in combination with the 
SIGMETs use consecutive alphanumeric designa- information from PIREPs and AIRMETs, 
tors November through Yankee. [Figure 9-89] i SIGMETs are your best source for informa- 


tion on icing conditions whether current or forecast. 
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KSAV 51-9 
Figure 9-89. The first issuance of a SIGMET, as shown | 
on the left, is labeled UWS (Urgent Weather SIGMET). gpa 
PAPA 1 means it is the first issuance for a SIGMET 
phenomenon; PAPA 2 would be the second issuance 
for the same phenomenon. In the example on the right, 
AMD means this is an amended AIRMET of the 
phenomenon (moderate turbulence) identified as 
TANGO. The alphanumeric designator stays with the 
phenomenon even when it moves across the country. 


CONVECTIVE SIGMET 
Convective SIGMETs (WSTs) are issued for hazardous convective weather which is sig- 
nificant to the safety of all aircraft. Since they always imply severe or greater turbulence, 
severe icing, and low-level wind shear, these items are not specified in the advisory. 
WSTs include any of the following phenomena: 
tornadoes, lines of thunderstorms, thunderstorms 
over a wide area, embedded thunderstorms, hail 
greater than or equal to 3/4 inch in diameter, and/or 
wind gusts to 50 knots or greater. A WST consists 
of either an observation and a forecast or simply a 
forecast. [Figure 9-90] 
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Figure 9-90. Convective SIGMETs are issued for clusters 
of thunderstorms. This photograph, taken from the Space 
Shuttle Orbiter, displays a variety of weather elements 
including overshooting thunderstorm tops, squall lines, and 
areas of probable high-speed downdrafts or microbursts. 


Convective SIGMETs are issued for the Eastern (E), 
Central (C), and Western (W) United States. 
Individual convective SIGMETs are numbered 
sequentially for each area (01-99) each day. A 
convective SIGMET will usually be issued only for the area where the bulk of observations 
and forecast conditions are located. Bulletins are issued 55 minutes past each hour 


Courtesy. of NASA 
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: In-flight aviation weather advisories include 
-forecasts of potentially hazardous flying 

i forecast, for tornadoes, significant conditions for enroute aircraft, including 
thunderstorm activity, or hail 3/4 inch or greater information on volcanic eruptions that are occurring 

in diameter. Dari or expected to occur. 


l la SIGMETs contain either an 
bservation and a forecast, or just a 


unless a special update bulletin is required. SIGMET forecasts are valid for 2 hours from 
the time of issuance or until it is superseded by the next hourly issuance. If the criteria 
for a convective SIGMET is not met at the issuance time, the message, CONVECTIVE 
SIGMET...NONE is sent. [Figure 9-91] 
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thunderstorms over a large area. ~~." 


ENROUTE FLIGHT ADVISORY SERVICE 


Enroute flight advisory service (EFAS), or Flight Watch, is a part of a flight service 
station specifically designed to provide enroute weather information upon pilot request. 
It acts as a central collection and distribution point for pilot reports (PIREPs), and has 
direct access to weather radar displays. Radar can be particularly valuable in identifying 
areas of possible thunderstorm activity along your route. Regular contact with Flight 
Watch throughout your flight gives you confidence that you can complete your flight as 
planned, or gives you an early warning of the need to change your plans. Other pilots 
benefit if you make a practice of filing a 
PIREP whenever you request information 


‘ i i J 
from Flight Watch. 


ka wea 
Enroute flight advisory service (EFAS) 
provides enroute aircraft with timely and E 
meaningful weather advisories pertinent to You can reach an EFAS specialist from 


the type of flight intended, route, and altitude. Y 6 a.m. to 10 p.m. almost anywhere in the 
AF eoe = Conterminous U.S. and Puerto Rico. If you 


are between 5,000 feet AGL and 17,500 feet 
MSL, you can use the common frequency of 122.0 MHz. At 18,000 feet MSL and above, 
there are different frequencies for different ARTCC regions, which you can find on a 
chart inside the back cover of the Airport/Facility Directory. 
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Since EFAS facilities usually serve large geographic regions through remote communi- 
cations outlets (RCOs), it is helpful if you make your initial callup using the name of the 
ARTCC serving the area. This allows the briefer 
to use the RCO which will provide the best 


communications coverage. State your aircraft D Times of operation for EFAS facilities, as 
identification and the name of the VOR nearest well as the high altitude EFAS frequencies 
your position, for example, “Seattle Flight i can be found in the Airport/Facility Directory. 


Watch, Arrow 344LC, Battleground VOR.” If 
you do not know which EFAS facility you are 
addressing, make your initial callup as follows: 
“Flight Watch, Arrow 344LC, Battleground 
VOR.” The briefer will then respond with the 
name of the controlling facility. 


EFAS is obtained by contacting flight watch, 
using the name of the ARTCC facility 
identification in your area, your aircraft 


identification, and name of the nearest VOR, on 122.0 
Although EFAS normally is based at an AFSS, MHz below FL180. 


you should confine your EFAS requests to $ 

weather information along your route of flight. 

EFAS is not intended for flight plans, position reports, preflight briefings, or to obtain 
weather reports or forecasts unrelated to your current flight. For these items, contact 
FSS/AFSS personnel on other published frequencies. 


FLIGHT SERVICE STATIONS 


In addition to enroute flight advisory service, the FSS/AFSS also can provide other types 
of information during flight. Contact an FSS/AFSS on frequencies shown next to VOR 
communications boxes when you need to update a previous briefing, amend a flight 
plan, or for any service other than the specific enroute weather information you get from 
Flight Watch. After establishing contact, specify the type of briefing you want as well as 
appropriate background information similar to what you would supply when calling for 
a telephone briefing. 


CENTER WEATHER ADVISORIES 


A center weather advisory (CWA) is an unscheduled advisory issued by an ARTCC to 
alert pilots of existing or anticipated adverse weather conditions within the next two 
hours. A CWA may be issued prior to an AIRMET or SIGMET when PIREPs suggest 
AIRMET or SIGMET conditions exist. Even if adverse weather is not sufficiently intense 
or widespread for a SIGMET or AIRMET, a CWA may be issued if conditions are 
expected to affect the safe flow of air traffic within the ARTCC area of responsibility. In 
addition, CWAs may be issued to supplement existing in-flight advisories, as well as 

provide a channel through which ATC can 

quickly warn pilots of any pertinent weather 


AIRMETs and center weather advisories factors not covered by existing advisories, as 
Rd (CWA) provide an enroute pilot with well as air traffic delays and other factors. 
information about moderate icing, 
moderate turbulence, winds of 30 knots or more at the Air Route Traffic Control Centers broadcast 
surface, and extensive mountain obscurement. CWAs as well as SIGMETs, convective SIGMETs, 


and severe weather forecast alerts (AWW) once 
on all but emergency frequencies when any part 
of the area described is within 150 miles of 


Weather advisory broadcasts, including the airspace under the ARTCC jurisdiction. In 

Rd severe weather forecast alerts (AWW), con- terminal areas, local control and approach 
vective SIGMETs, and SIGMETs, are pro- control may limit these broadcasts to weather 

vided by ARTCCs on all frequencies, except occurring within 50 miles of the airspace under 
emergency, when any part of the area described is their jurisdiction. These broadcasts contain the 
within 150 miles of the airspace under their jurisdiction. advisory identification and a brief description of 


the weather activity and general area affected. 
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HAZARDOUS IN-FLIGHT WEATHER 
ADVISORY SERVICE 


Hazardous in-flight weather advisory service 
(HIWAS) is a continuous broadcast of summarized 
AWW, SIGMETs, convective SIGMETs, CWAs, 
AIRMETs, and urgent PIREPs over selected VORs. 
When HIWAS is available, ATC generally does not 
broadcast the actual advisories, but instead tells 
pilots they exist and refers them to HIWAS or 
FSS. When a HIWAS is updated, ARTCC and 
terminal facilities broadcast an alert on all but the 
emergency frequencies, providing the type and 
number of the updated advisory and the frequencies JEPPESEN 
to which you can tune for complete information. = ns 
Enroute charts indicate which VORs have HIWAS 
capability. [Figure 9-92] In addition, a note in the 
Airport/Facility Directory indicates if a particular 
VOR is HIWAS-equipped. 
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Figure 9-92. HIWAS availability 
is indicated on NOS enroute and 
VFR charts with a solid square 
in the navaid box. On Jeppesen 
charts, HIWAS is spelled out. 
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TRANSCRIBED WEATHER 
BROADCASTS 


A transcribed weather broadcast (TWEB) contains recorded weather information in a 
route format transmitted over selected VORs and NDBs. Generally, the broadcast 
includes specially prepared National Weather Service forecasts, in-flight advisories, 
winds aloft, and preselected information such as weather reports, NOTAMs and special 
notices. At some locations, the information is only broadcast over the local VOR and is 
limited to items such as the hourly weather for the parent station and up to five adjacent 
stations, local NOTAM information, the 
TAF for the parent station, and potentially 
hazardous conditions. 


Typically, TWEBs are used for in-flight 
information purposes, however, at some 
locations, telephone access to the recording 


obtain continuo 


winds aloft and r is available, providing an additional source 
flight, you could vm lia of preflight information. Telephone numbers 
radio receiver, = for this service, called TEL-TWEB, are listed 


in the Airport/Facility Directory. 


In certain FSS regions where there has been high utilization of TWEB, the FSS puts the 
TWEB on their TIBS recording. NDBs and VORs which transmit TWEBs have a circled T 
inside the communication boxes on NOS enroute and sectional charts, and have TWEB 
clearly marked above the communication boxes on Jeppesen charts. 


Most TWEB facilities have been replaced by HIWAS, or otherwise decommissioned. 


However, HIWAS does not provide route weather information, so in areas not covered 
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by TWEB, you may obtain that type of information prior to flight by calling 
1-800-WX-BRIEF and choosing recorded information (TIBS) from a menu. During flight, 
your best resource for specific route information is EFAS. You also can tune in AWOS 


and ASOS facilities at selected airports to get up-to-the-minute weather information 
for those locations. 


WEATHER RADAR SERVICES 


The NWS operates a nationwide network of weather radar sites which provides real-time 
information for printed and graphic weather products. The radar network also furnishes 
EFAS and AFSS specialists with data they can use for in-flight advisories. Since weather 
radar can detect coverage, intensity, and movement of precipitation, an EFAS or AFSS 
specialist may be able to provide you with suggested routing around areas of hazardous 
weather. Since weather radar only shows heavy precipitation and does not necessarily 
indicate areas of clouds, you could be in IFR conditions even if you are avoiding areas of 
weather radar echoes. 


D Going in Circles Really Fast 


Tornadoes carry some of the most devastating forces available in nature. The amount of energy in an F5 tornado’s 250 
m.p.h. wind is four times that of a 125 m.p.h. wind encountered in a hurricane. It is little wonder that tornadoes pick up 
houses, buildings, and large trucks and scatter them like toothpicks. 


How do they measure such wind speeds? Even if a tornado should pass directly over traditional measuring equipment, it is 
unlikely the equipment could survive such an encounter. Professor T. Fujita of the University of Chicago, who developed the 
widely-used Fujita scale for measuring tornado intensity, originally determined wind speeds by analyzing film of tornadoes and 
calculating the velocity of the flying debris. 


Now, doppler radar accurately measures wind speed 
inside tornadoes. Forecasters not only can determine 
the location, speed and direction of 
movement of a tornado, but also can 
predict how devastating it is likely to 
be, and warn people accordingly. The 
National Weather Service’s WSR-88D, 
or NEXRAD, radar system, together 
with new geostationary operational 
environmental satellites (GOES) and 
the automated surface observation 
system (ASOS) network, is expected 
to save many lives by pinpointing the 
time and place where severe weather 
is likely to strike. 


AUTOMATED SURFACE 
WEATHER REPORTING 
SYSTEMS 


Two types of automated systems currently provide similar weather information from 
airports and other key locations. These systems are the automated surface observation 
system (ASOS) and the automated weather observation system (AWOS). Even though the 
names are different, both are surface observation systems, which can contain much of 
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the same equipment. The main operational difference between ASOS and the more 
advanced AWOS systems is in who installs and operates the equipment. The FAA is 
installing and operating ASOS at AFSSs and at tower-controlled airports and the 
National Weather Service is installing ASOS at locations where it previously maintained 
fully staffed offices. AWOS typically is installed and operated at non-ASOS airports by 
local airport authorities or by state departments of transportation. 


Many ASOS and AWOS installations broadcast over a discrete VHF frequency or over 
the voice portion of a local navaid. The discrete frequencies are designed to be receivable 
up to 25 n.m. from the site up to 10,000 feet AGL. You also can reach many ASOS 
facilities by telephone. The phone numbers appear in the Airport/Facility Directory 
under weather data sources for an airport. The frequencies appear in both the A/FD and 
on aeronautical charts. 


AUTOMATED SURFACE OBSERVATION 
SYSTEM 


With more than 1,000 installations operating across the U.S., the automated surface 
observation system (ASOS) is becoming the primary surface weather observing system 
in the United States. Many ASOS stations continuously broadcast their measurements 
over dedicated frequencies using computer-synthesized voices, and also can be reached 
by telephone. Additionally, data from ASOS facilities is sent to a central location, where 
it is processed and distributed over NWS networks and to FAA flight service stations. 


Monitoring an ASOS frequency or listening by telephone gives you accurate, up-to-the- 
minute information. Although ASOS-derived data you get from ATIS or from a 
METAR can be up to an hour old, the ASOS software is designed to transmit a 
special (SPECI) report whenever it determines a significant change in conditions has 
occurred, For this reason, you generally can expect published ASOS observations to 
reflect current conditions. 


ASOS equipment provides continuous minute-by-minute observations of the parameters 
necessary to generate an aviation routine weather report (METAR) and can provide other 
aviation weather information. [Figure 9-93] ASOS can measure wind shifts and peak 
winds. Some ASOS stations include a precipitation discriminator which can differentiate 
between liquid and frozen precipitation. If the station has this capability, it is designated 
as an AO2. Otherwise, it carries an AO1 designation. Another enhancement you are 
likely to see at selected ASOS installations is 
lightning detection equipment. 


Every ASOS contains the following: 


. Cloud height indicator 
. Visibility sensor 

. Precipitation identification sensor 

. Freezing rain sensor (at select sites) 

. Pressure sensors 

. Ambient temperature and dewpoint temperature sensors 
. Anemometer (wind direction and speed sensor) 

. Rainfall accumulation sensor 


Bononhon — 


Figure 9-93. ASOS stations are 
becoming the primary source of 
U.S. surface weather observations. 


ASOS is not able to distinguish between relatively harmless stratus clouds and 
potentially dangerous cumulonimbus. Although the technology is steadily improving, 


the equipment is also limited in its ability to identify restrictions to visibility. It cannot 
9-114 


< 


SOURCES OF WEATHER INFORMATION SECTION E 


ne W 


offer intelligent judgements about prevailing, sector, or tower visibility. That is why 
input from a trained human observer is an integral part of the ASOS program. 


ASOS is available in four levels of service, based on the amount of information added by 
human observers. Level A is the highest level of service which typically is available at 
major airports like those in or near Class B airspace. Other levels offer lesser degrees of 
human augmentation, with fewer types of weather phenomenon reported. Level B ASOS 
has human observers available 24 hours a day, while Level C is found at airports with 
part-time towers; human augmentation ends when the tower closes. Level D ASOS 
systems are found at smaller, nontowered airports that still meet the FAA or NWS 
criteria for installing ASOS. These systems are unattended, and always contain the 
AUTO designation when their observations appear in a METAR. 


DOES & HUMAN PERFORM PETTER VEATHER OP SERVATIONS THAN 
& MACHINE? 

Both human observers and automated systems have limitations when it 
comes to determining the complete weather picture. The measurements from 
AWOS/ASOS systems are completely objective, and in the strictest sense, error free. 
However, the AWOS/ASOS systems are limited in their ability to deduce an overall 
view of the weather at various locations in the airport vicinity. A human observer is 
able to look around the sky and quickly make a subjective judgment as to sky condi- 
tion, visibility and present weather. However, depending on the complexity of the 
weather, and on other duties, a human observer can only make one or two observa- 
tions per hour. An automated system looks at a single part of the sky over a period of 
time, and averages this data. 


ENS 


According to the FAA, ihe fixed time, spatial averaging technique used by human 
observers, and the automated system’s fixed location, time averaging technique, 
yield remarkably similar results. Keep in mind, it is possible for an automated system 
to report inaccurately if there is a localized condition near the reporting equipment 
and little or no cloud movement. 


AUTOMATED WEATHER OBSERVING 
SYSTEMS 


First manufactured in 1979, the automated weather observing system (AWOS) 
was developed for the FAA and was the first widely installed automated weather data 
gathering system at U.S. airports. Installation of AWOS continues at nontowered airports 
not served by ASOS. Like ASOS, the AWOS uses various sensors, a voice synthesizer, 
and a radio transmitter to provide real-time weather data. Unlike ASOS, AWOS is 
available in lesser configurations that do not provide all the types of observations listed 
in figure 9-93. AWOS-A only reports the altimeter setting. AWOS-1 also measures and 
reports wind speed, direction and gusts, temperature, and dewpoint. AWOS-2 adds 
visibility information, and the most capable system, AWOS-3, also includes cloud and 
ceiling data, which essentially makes it equivalent to ASOS. Like ASOS, AWOS-3 also 
can include precipitation discrimination sensors, indicated by A02 in the remarks 
section of a METAR. Lightning detection also is a possible enhancement for selected 
AWOS-3 sites, and human augmentation also can be used with AWOS. 


Although it can be difficult to distinguish between AWOS-3 and ASOS systems based on 
the information they provide, one common difference between the two systems is their 
ability to identify and report significant changes in surface weather. Typically, an AWOS 
that is connected to an FAA or NWS network transmits three reports per hour at fixed 
intervals. Unlike an ASOS, AWOS cannot issue a special report as needed. If a major 
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change in weather, such as a frontal passage, occurs between AWOS reports, you may 
have no way of knowing about it unless you are listening to up-to-the-minute data by 
radio or telephone. 


AIRBORNE WEATHER 
EQUIPMENT 


No pilot, regardless of size or performance of his/her aircraft, would intentionally 
penetrate a thunderstorm. Ground-based radar cannot identify all hazardous areas with 
certainty, because the signal may be reflected back by nearer weather phenomena. 
To find the cells hidden from ground based weather radar, it is necessary to utilize 
equipment onboard the aircraft. That is why most jet aircraft and many turboprop 
aircraft have airborne equipment for avoiding severe weather. Certain light twin and 
high-performance single engine aircraft also offer this type of equipment. While 
having weather avoidance equipment does not necessarily make it safe to operate near 
embedded thunderstorms, it does offer properly trained pilots some help in avoiding the 
most hazardous weather. 


AIRBORNE WEATHER RADAR 


Airborne radar operates under the same principle as ground-based radar. The directional 
antenna, normally behind the airplane’s fiberglass nose cone, transmits pulses of energy 
out ahead of the aircraft. The signal is reflected by water and ice, and is picked up by the 
antenna from which it was transmitted. The 
bearing and distance of the weather is 
plotted, normally on a color display. These 
displays are useful for indicating different 
degrees of precipitation severity. A radar 
unit might use green to indicate light show- 
ers, yellow for moderate rainfall, and red to 
depict heavy precipitation. [Figure 9-94] 


Figure 9-94. Airborne weather radar allows pilots to 
see and avoid many thunderstorms which do not 
appear on ground-based radar. 


Aircraft radar generally use one of two 
frequency ranges — X-band and C-band. 
X-band systems, which are more common in general aviation aircraft, transmit on a 
frequency of 9,333 gigahertz (gHz), which has a wavelength of only 0.03 mm. This 
extremely short wave is reflected by very small amounts of precipitation. Due to the high 
amount of reflected energy, X-band systems provide a higher resolution and “see” farther 
than C-band radars. A disadvantage is that very little energy can pass through one storm 
to detect another which may be behind the first. The C-band frequency (5.44 gHz) can 
penetrate further into a storm, providing a more complete picture of the storm system. 
This capability makes C-band weather radar systems better for penetration into known 


areas of precipitation. Consequently, C-band radars are more likely to be found on large 
commercial aircraft. 


Aircraft radar is prone to many of the same limitations as ground-based systems. It 
cannot detect water vapor, lightning, or wind shear. Training and experience as well as 
other on-board equipment and surface resources are important tools for enhancing your 
mental picture of the weather which lies ahead. 
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OTHER WEATHER DETECTION 
EQUIPMENT 


Other, less costly, methods of thunderstorm detection have proven quite effective and 
have become very popular for light general aviation aircraft. Because lightning is always 
associated with severe thunderstorms, systems that detect lightning can reliably indicate 
the active parts of these storms. [Figure 9-95] 
Lightning detection equipment is more compact, 
and uses substantially less power than radar, and 
requires less interpretation by the pilot. The 
equipment is designed to help a pilot completely 
avoid storm cells. However, lightning detection 
equipment does not directly indicate areas of 
heavy precipitation, hail, and wind shear and may 
not provide as accurate information about these 
hazards as radar. 


Figure 9-95. Lightning detection equipment provides many of 
the benefits of airborne radar at much lower cost, smaller 
size, and lower power consumption. 
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SUMMARY GHECKLIST 


y You can obtain a preflight weather briefing from an FSS/AFSS 24 hours a day by 
calling the toll free number, 1-800-WX BRIEF. 


V When connected to an AFSS, you can choose to talk to an FSS specialist, or you 
can use your TOUCH-TONE® phone to access the telephone information briefing 
service (TIBS). This recorded information typically includes area and/or route 
meteorological briefings, airspace procedures, and special aviation-oriented 
announcements. 


/ Request a standard briefing when you have received no previous weather information 
and an abbreviated briefing to receive an update. When your flight is more than six 
hours away, request an outlook briefing to make an initial judgment about the 
feasibility of your flight. 


Y You can receive an FAA-approved weather briefing and file a flight plan on your 
personal computer using the Direct User Access Terminal System (DUATS). 


/ AIRMETs are issued every six hours, with amendments issued as necessary, for 
weather phenomena which are potentially hazardous to light aircraft. AIRMETs are 
issued for moderate icing, moderate turbulence, sustained winds of 30 knots or 
more at the surface, ceilings less than 1,000 feet and/or visibility less than 3 miles 
affecting over 50 percent of an area at any one time, and extensive mountain 
obscurement. 


/ SIGMETs are issued for hazardous weather such as severe icing, severe and 
extreme turbulence, volcanic eruptions and duststorms, sandstorms, or volcanic 
ash lowering visibility to less than three miles. 
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Y Existing or forecast hazardous convective weather which is significant to the safety 
of all aircraft is contained in convective SIGMETs (WSTs). 


V Enroute Flight Advisory Service (EFAS) is one of the primary means of obtaining 
up-to-date weather information during flight. Below 18,000 feet, it is available 
throughout the conterminous United States on a frequency of 122.0 MHz. Other 
frequencies are available at 18,000 feet and above. 


/ In some areas, transcribed weather broadcasts (TWEB) provide recorded, route- 
based weather information over selected VORs and NDBs. 


/ A center weather advisory (CWA) is an unscheduled advisory issued by an ARTCC 
to alert pilots of existing or anticipated adverse weather conditions within the next 
two hours. It can precede the issuance of a SIGMET. 


Y Hazardous in-flight weather advisory service (HIWAS) is a continuous broadcast of 
summarized severe weather forecast alerts (AWW), SIGMETs, convective SIGMETs, 
CWAs, AIRMETs, and urgent PIREPs over selected VORs. 


V The automated surface observation system (ASOS) and the automated weather 
observing system (AWOS) are the systems from which pilots and weather forecasters 
obtain most surface observations. Additional data from trained human observers 
supplements the data of many ASOS and AWOS systems. 


y Airborne radar or lightning detection equipment usually can locate areas of hazardous 
weather ahead of your aircraft with greater reliability than ground-based radar. 


KEY TERMS 


1-800-WX BRIEF Convective SIGMET (WST) 

Standard Briefing Enroute Flight Advisory Service 
(EFAS) 

Abbreviated Briefing 


Center Weather Advisory (CWA) 
Outlook Briefing 

Hazardous In-Flight Weather 
Telephone Information Briefing Advisory Service (HIWAS) 
Service (TIBS) 


Automated Surface Observation 


Direct User Access Terminal System System (ASOS) 
(DUATS) 
Automated Weather Observing 
AIRMET (WA) System (AWOS) 
SIGMET (WS) 


QUESTIONS 


1. What information should you provide a preflight weather briefer? 


2. True/False. Calling an AFSS and listening to TIBS eliminates the need for an 
individual briefing from an FSS or NWS specialist. 


CPi WS 


SOURCES OF WEATHER INFORMATION SECTION E 


tee 


For questions 3 through 8, match the weather source with the appropriate description. 


3. Standard briefing A. Provides FAA-approved weather briefings, weather 
maps, and filing of flight plans over a modem- 


4. Abbreviated briefing equipped personal computer 


5. Outlook briefing. B. Source of in-flight weather information 


6. DUATS C. Obtained more than six hours before flight time to 

7. TIBS determine the feasibility of a proposed flight 

8. EFAS D. Most comprehensive briefing available from an 
FSS briefer 


E. Used to update previous weather information 


F. Recorded weather information available from 
an AFSS. 


9. True/False. Weather phenomena which are of operational interest to all aircraft are 
reported in an AIRMET. 


10. Select the weather phenomena which can initiate the issuance of a SIGMET. 


A. Severe icing 
B. Embedded thunderstorms 
C. Hazardous convective weather 


11. Convective SIGMETs include information on 


A. thunderstorms, super cells, and tornadoes. 

B. tornadoes, embedded thunderstorms, and lines of thunderstorms. 

C. embedded thunderstorms, severe thunderstorms with hail greater than or 
equal to 1/2 inch in diameter, and/or wind gusts 50 knots or greater. 


12. What type of recorded in-flight weather advisory provides specific route forecasts 
and winds aloft information over selected NDBs and VORs? 


A. EFAS 
B. TWEB 
C. HIWAS 


Refer to the IFR enroute chart to answer question 13. 
317 L 80 . ’ ‘ 
(A) *273.2 13. What type of weather information is 
available when monitoring Meridian 
VORTAC? 


A. Recorded information on expected 
sky cover, cloud tops, visibility, 
weather, and obstructions to vision 
in a route format 

B. Summarized SIGMETs, convective 

122.6 122.2 122.1R SIGMETs, AWWs, CWAs, AIRMETs, 

n B N n- and urgent PIREPs 

iiez ri aen C. ASOS broadcasts from nearby Key 

B Field 


ey if) 


eaor 
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14. What is the purpose of a Center Weather Advisory? 


A. To advise pilots of SIGMETs and AIRMETs so they can contact Flight Watch. 

B. To disseminate routine pilot reports so pilots do not need to leave the ATC 
frequency. 

C. To alert pilots of current or adverse weather conditions not covered by existing 
SIGMETs and AIRMETs. 
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Instrument/Commercial 
Part III, Chapter 10 — IFR Flight Considerations 


SECTI 
IFR EMERI 


No one likes to think they might be required to deal with an emergency during 
instrument flight. However, proper planning and sound knowledge of emergency 
procedures can help you complete your flight safely should an emergency occur. 


Naturally, you should be thoroughly familiar with the pilot’s operating handbook for the 
aircraft you fly. The POH outlines specific emergency procedures that apply to your 
particular aircraft. However, the POH cannot prepare you for every event that may 
occur. When confronted by an emergency not covered in the aircrafts POH, or in the 
regulations, you are expected to exercise good judgment in responding to the situation. 


The Aeronautical Information Manual defines an emergency as a condition of distress or 
urgency. Pilots in distress are threatened by serious and/or imminent danger and require 
immediate assistance, Distress conditions may include in-flight fire, mechanical 
failures, or structural damage. An urgency situation, which is not immediately 
dangerous, requires prompt assistance to avoid a potentially catastrophic event. Any 
condition that may adversely affect your flight, such as low fuel quantity or poor weather 
may result in an urgency condition which can develop into a distress situation if 
not handled in a timely manner. If you 
become apprehensive about your safety for 
any reason, you should request assistance 
immediately. 


Other situations associated with weather, 
such as inadvertent entry into a thunder- 
storm, hail, severe turbulence, or icing, are 
potential emergencies. Fuel starvation or inability to maintain the MEA are undeniable 
emergencies. If, after considering the particular circumstances of the flight, you feel a 
potentially dangerous or unsafe condition exists, you should declare an emergency. 
During the course of the emergency, if you are given priority handling by ATC, you are 
required to submit a detailed report within 48 hours to the manager of that ATC facility, 
even though you violated no rule. 


DECLARING AN 
EMERGENCY 


As pilot in command, you are directly responsible for the safety of your flight. Under the 
provisions of FAR 91.3, you are allowed to deviate from any rule in FAR Part 91 and from 
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ATC instructions, to the extent required to meet an emergency. If you determine it is 
necessary to deviate from ATC instructions during an emergency, you must notify ATC 
as soon as possible and obtain an amended 
clearance. 


To declare an emergency when operating in 
IFR conditions, you should contact ATC on 
the currently assigned frequency. If you 
receive no response, try calling the same 
facility on another available frequency. If the 
facility still does not respond, you should attempt to contact any other ATC facility that 
may be able to assist you. If you are unable to contact ATC on any of the normal 
frequencies, use the emergency frequency of 121.5 MHz. 


In a distress situation, begin your initial call with the word MAYDAY, preferably 
repeated three times. Use PAN-PAN in the same manner in an urgency situation. Figure 
10-1 provides an example of a distress or urgency message. You should provide ATC 
with only as much information as necessary under prevailing conditions. For example, 
when in radar contact with an ATC facility, you may not need to include your aircraft’s 
type, position, heading, or altitude, since the controller is already aware of these facts. 


EXAWPLE 


severe icing, 


IFR, ey 


request immediate course x 
reversal and lower altitude, R. : 


Any other useful information squawking 1146." 


Figure 10-1. If you are in distress, your initial communication and any subsequent transmissions should begin 
with the word MAYDAY, preferably repeated three times. PAN-PAN should be used in the same manner for an 
urgency situation. Following this, you need to provide information about your situation and the assistance that 


you require. 


Another way to declare an emergency is to squawk code 7700 on your transponder. This 
code triggers an alarm or a special indicator in radar facilities. However, if you are in 
radio contact with ATC, do not change your assigned transponder code from its current 
setting unless you are instructed to do so by that facility. 


A special emergency is a condition of air piracy, or other hostile act by a person or 
persons aboard an aircraft, which threatens the safety of the aircraft or its passengers. 
Although these incidents rarely involve the average pilot, you should be aware of 
the recommended ATC procedures. In a special emergency, you should use the 
recommended distress or urgency procedures. When circumstances do not permit you to 
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comply, transmit a message containing as much of the following information as possible 
on the frequency in use. 


1. Name of the station addressed 
2. Aircraft identification and present position 
3. Nature of the special emergency condition and your intentions 


If you are unable to provide the above information, you should alert ATC by transmitting 
the phrase, “transponder seven five zero zero” and/or squawking transponder code 7500 
Either action means, “I am being hijacked/forced to a new destination.” 


MINIMUM FUEL ‘ 
If your remaining fuel is such that you can P» Declaring minimum fuel to ATC indice 


accept little or no delay, you should advise an emergency situation is pr 
ATC that you have minimum fuel. This is any undue delay occur. D. 
not an emergency, but only an advisory that 

any undue delays may cause an emergency 

situation. If your remaining usable fuel supply indicates the need for traffic priority to 
ensure a safe landing, do not hesitate to declare an emergency. When transmitting such 
a report, you should state the approximate number of minutes the flight can continue 
with the fuel remaining. 


“POTH FUEL CELLS VERE EMPTY...” 


>»: j| From the Files of the NTSB... 
we, Aircraft: PA-32RT-300T 

Location: Rogers, AR 

Injuries: 1 Serious, 1 Minor 


Narrative: According to witnesses and law enforcement personnel at the accident site, the pilot executed 3 missed approaches 
at the Rogers Municipal Airport while attempting to land with weather below published minimums. At 0734, the pilot reported 

to ATC that he was low on fuel. Two minutes later, the pilot reported that he was out of fuel. The airplane was last observed 

on radar descending through 1,500 feet and subsequently impacted trees approximately one mile northwest of the airport. 
Examination of the wreckage confirmed that both fuel cells were empty. 


Had this pilot declared minimum fuel in a timely manner, ATC might have provided him the assistance he needed to complete his 
flight safely at an alternate airport. Waiting until just prior to fuel exhaustion can turn an urgent situation into a distress situation 
that may be unrecoverable. 


GSGYROSCOPIC INSTRUMENT FAILURE 


Gyroscopic instruments that stop functioning in IFR conditions due to a vacuum 
or electrical system failure can result in a distress situation. This type of instrument 
failure may develop into an emergency since your ability to immediately and 
accurately comply with all ATC clearances will be limited. This is particularly true in 
circumstances where warning indications, such as a low-vacuum warning light or 
low-voltage warning light fail to provide adequate warning of an impending instrument 
system malfunction. If you are in IFR conditions and find that one of your gyroscopic 
instruments has failed, you should immediately transition to partial panel and notify 
ATC. Since instrument failure provides little advance warning, all pilots should 
maintain their proficiency in partial panel instrument flying. 


Detecting a problem early is important in successfully handling a gyroscopic instrument 
failure. A good instrument cross-check is essential for discovering a problem quickly. 
Your instrument cross-check should include occasional monitoring of instrument 


system warning indicators. If you suspect that a gyroscopic instrument has failed, verify 
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the problem with related flight instruments. In the following example you can confirm 
an attitude indicator failure by referencing your airspeed indicator, vertical speed 
indicator, altimeter, turn coordinator, and heading indicator. With a diligent instrument 
cross-check you will see a discrepancy between the failed attitude indicator and the 
supporting instruments. [Figure 10-2] 


Figure 10-2. A good instrument cross-check allows 
you to quickly determine if you have an instrument 

failure. In this case, the attitude indicator has failed 

showing a climbing left turn. However, the airspeed 
is high, while the altimeter and VSI both show a 


WS 
Hig? RS, : ee r : 
A Ms `S f descent. In addition, the turn coordinator displays 


> ies ` = F wings-level flight. 
Se i 1 


Once you have determined an instrument has failed, cover it so you are not distracted by 
the incorrect information it provides. Then contact ATC and make the appropriate 
malfunction report. Your primary concern during an instrument failure is to fly the 
airplane. Once you have ensured your ability to control the airplane, your priorities 
are to navigate accurately and communicate your situation and intentions to ATC. 
The execution of good partial panel instrument flying procedures is important in 
maintaining attitude control of your airplane. It is also important for you to use available 
ATC services like radar and no-gyro approaches, to assist you in completing your flight 
safely. Emergency approach procedures available to you from ATC will be discussed 
later in this section. 


COMMUNICATION ar TEIT 
{VECTOR} {METRO 1.SMF) 96172 R E INTL (SMF) 
FAILURE METRO ONE DEPARTURE _St-5490 traat SACRAMENTS CNOA 


Two-way radio communication failure procedures for 
IFR operations are outlined in FAR 91.185. Unless 
otherwise authorized by ATC, pilots operating under 
IFR are expected to comply with this regulation. 
Expanded procedures for communication failures are 
found in the Aeronautical Information Manual. 
In some Cases, spe- 
cial lost communi- 
cation procedures 
are established for 
certain IFR opera- 
tions. [Figure 10-3] 


e 
RAOS. II WIIF 


an 
RED BLUFF 1421,1 254.7 
nes 7 ROL SST GNO CON 
104 u 
125.7 2567 

12,1 
127.4 317.5 


DEPARTURE ROUTE DESCRIPTION 


TAKE-OFF RUNWAY 16L: Turn right heading 230° until crossing SAC R-329, then 
turn right heading 300° for vector to RBL VORTAC. 


TAKE-OFF RUNWAY 16R: Turn right heading 210° until crossing SAC R-329, then 

turn right heading 300° for vector to RBL VORTAC. 

TAKE-OFF RUNWAYS 34t/R: Turn left heading 300° for vector to RBL VORTAC. 

ALL AIRCRAFT: Climb and maintain 2000’, expect clearance to filed altitude five 
in r rture. 

LOST COMMUNICATIONS: If no transmissions are received within one minute after 

departure, cross 25 DME northwest of SAC VORTAC at or above 5000’, then 


turn right direct RBL VORTAC. Climb to filed altitude five minutes after departure. 
Attempt contact Oakland Center on 132.2 leaving 11,000’. 


Figure 10-3. Special lost 
communication procedures 
are sometimes used with 
charted departures. If you 
are flying this departure and 
lose radio communication 
capability, you must comply 
with the lost communication | METRO ONE DEPARTURE KANEKO, AURORA 
procedures specified here {VECTOR} (METRO 1 SMF) sou Ga 
instead of those in the FARS. 


METRO ONE DEPARTURE 
(VECTOR) (METRO 1.SMF} 96172 
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ALERTING ATG 
You can use your transponder to alert ATC to a radio communication failure by squawking 
code 7600. [Figure 10-4] If only your transmitter is inoperative, listen for ATC instructions 

on any operational receiver, including your 

navigation receivers. It is possible ATC may 

try to contact you over a VOR, VORTAC, , 7 

NDB, or localizer frequency. In addition to P Joy cia ie conditions n a ne 
monitoring your navaid receivers, you should yayradi e aaa j ne i 
attempt to reestablish communications by do not exalaiseromengs aera as 
contacting ATC on a previously assigned etait your transponder coden i 
frequency, or calling an FSS or Aeronautical 

Radio/Incorporated (ARINC). 


Figure 10-4. When an airplane 
squawks code 7600 during a two- 
way radio communication failure, 
the information block on the radar 
screen flashes RDOF to alert the 


AT: 3508 
controller. 


The primary objective of the regulations governing 
communication failures is to preclude extended 
IFR operations within the ATC system since these 
operations may adversely affect other users of the 
airspace. If your radio fails while operating on an IFR 
clearance but you are in VFR conditions, or if you 
encounter VFR conditions at any time after the failure, 

you should continue the flight under VFR conditions, if 
possible, and land as soon as practicable. The requirement to land as soon as practicable 
should not be construed to mean as soon as possible. You retain the prerogative of 
exercising your best judgment and are not required to land at an unauthorized airport, 
at an airport unsuitable for the type of aircraft 
flown, or to land only minutes short of 
i l your intended destination. However, if IFR 
P» In the event of two-way radio communication conditions prevail, you must comply with 
@ 


feirg While posigny anamin plgaiaries procedures designated in the FARs to ensure 
in VFR conditions, you should continue the aircraft separation. 


flight under VFR and land as soon as practicable. 


ROUTE 
If you must continue your flight under IFR after experiencing two-way radio communica- 
tion failure, you should fly one of the following routes in the order shown. [Figure 10-5] 


1. The route assigned by ATC in your last clearance received 


2. If being radar vectored, the direct route from the point of radio failure to the fix, route, 
or airway specified in the radar vector clearance 


3. In the absence of an assigned route, the route ATC has advised you to expect in a 
further clearance 


4. In the absence of an assigned or expected route, the route filed in your flight plan 
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Figure 10-5. Here is an example 
of the route you should fly if you 
experience a communication fail- f 

ure while in IFR conditions. = 
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ALTITUDE 

It is also important for you to fly a specific altitude should you lose two-way radio com- 
munications. The altitude you fly after a communication failure can be found in FAR 
91.185 and must be the highest of the following altitudes for each route segment flown. 


1. The altitude (or flight level) assigned in your last ATC clearance 
2. The minimum altitude (or flight level) for IFR operations 
3. The altitude (or flight level) ATC has advised you to expect in a further clearance 


In some cases, your assigned or expected altitude may not be as high as the MEA on the 
next route segment. In this situation, you normally begin a climb to the higher MEA 
when you reach the fix where the MEA rises. If the fix also has a published minimum 
crossing altitude (MCA), start your climb so 
you will be at or above the MCA when you 
reach the fix. If the next succeeding route 
segment has a lower MEA, descend to the 
applicable altitude — either the last assigned 
altitude or the altitude expected in a further 
clearance — when you reach the fix where 
the MEA decreases. [Figure 10-6] 


MEA 
6,000 ft MSL 


Figure 10-6. Assume your last assigned altitude is 9,000 feet MSL. At VORTAC A, the MEA increases to 
10,000 feet with an MCA of 9,000 feet specified. Since your assigned altitude is 9,000 feet, you need not begin 
a climb before you reach the VORTAC. Upon reaching VORTAC A, climb to the higher MEA of 10,000 feet. As 
you arrive over VORTAC B, descend back to your assigned altitude of 9,000 feet. The MEA is lower than your 
assigned altitude. 


LEAVING THE GLEARANGCE LIMIT 

When the clearance limit specified in the ATC clearance you received prior to radio 
failure is also a point from which an approach begins, commence your descent and 
approach as close as possible to the expect further clearance (EFC) time. Should you 
arrive at your clearance limit prior to the EFC time, you must hold at the clearance limit 
until that time has been reached. You may be required to adjust the holding pattern as 
necessary in order to begin the approach at the proper time. If an EFC time was not 
provided, begin your descent and approach as close as possible to the ETA calculated 
from your filed or amended (with ATC) time enroute. In this case, it may still be neces- 


sary to hold at the clearance limit in order to begin the approach at the proper time if you 
arrive at the fix early. 
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Upon arrival at a destination with more 
than one instrument approach procedure, 
you may fly the approach of your choice. 
Similarly, if more than one initial 
approach fix is available for the approach 
you choose, you may select whichever fix 
is appropriate. ATC provides separation 
for your flight, regardless of the approach 
selected and the initial approach fix used. 


When the clearance limit specified in 
your last clearance is not a fix from which 
an approach begins, leave the fix at the 
EFC time specified. After departing the fix 
and arriving at a point from which an 
approach begins, commence your descent 
and complete the approach. If you have 
not received an EFC time, continue past the clearance limit to a point at which an 
approach begins. You should then commence your descent and approach as close as 
possible to the ETA calculated from your filed or amended time enroute. 


EMERGENCY APPROACH 
PROCEDURES 


In a distress situation, such as a loss of gyroscopic instruments, radar approach 
procedures may be available to assist you in completing your flight safely. These 
procedures require a ground-based radar facility and a functioning airborne radio 
transmitter and receiver. They allow the controller to provide horizontal, and in some 
cases vertical, course guidance during the approach. However, radar guidance during the 
approach does not waive the prescribed weather minimums for the airport or for the 
particular aircraft operator concerned. Three types of radar approaches may be available 
to you including the airport surveillance radar approach (ASR), precision approach 
radar (PAR), and the no-gyro approach. 


SURVEILLANCE APPROACH 

An instrument procedure where a controller provides only azimuth navigational 
guidance is referred to as an airport surveillance radar (ASR) approach. The ASR 
approach also is referred to as a surveillance approach. With this type of procedure, the 
controller furnishes headings to fly to align your aircraft with the extended centerline 
of the landing runway. You are advised when to start the descent to the MDA or, if 
appropriate, to an intermediate stepdown fix and then to the prescribed MDA. 


During the approach, you are advised of the location of the missed approach point and, 
while on final, of your position each mile from the runway or MAP. If you request, you 
are advised of the recommended altitude each mile. Normally, ATC provides navigation 
guidance until your aircraft reaches the MAP. At the MAP, ATC terminates guidance and 
instructs you to execute a missed approach unless you have reported the runway 
environment in sight. Also, if at any time 
during the approach the controller considers 
that safe guidance for the remainder of the 
approach cannot be provided, guidance 
is terminated and you are instructed to 
execute a missed approach. Radar service is 
automatically terminated at the completion 
of the approach. 
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The published MDA for straight-in ASR approaches is issued to you before you are 
instructed to begin your descent. When a surveillance approach terminates in a circle-to- 
land maneuver, you must furnish the aircraft approach category to the controller, who 

then provides you with the appropriate MDA. 


The ASR approach is available only at airports for which civil radar instrument 
approach minimums have been published. These minimums are published on separate 
pages in the NOS Terminal Procedures 

Publication (TPP) and on Jeppesen Radar — 

Approach Charts. The ASR approach is typi- 
cally available as a backup procedure. Use it 
when you have lost the navigation equipment 
needed to fly the other instrument approaches 
available at the airport. 


A surveillance approach may be used at 
airports for which civil radar instrument 
approach minimums have been publishec 


D You’ve Seen One Emergency, You Haven’t Seen Them All 


Picture yourself flying a single-engine airplane enroute from Harbour Grace, Newfoundland, aiming for Paris, France. 
You have no co-pilot, no airways to follow, and no air traffic controllers to assist you. Now, imagine that you experience 
not one, but several emergencies with nothing but the depths of the Atlantic Ocean beneath you. 


This is the same situation that Amelia Earhart faced in 1932 after she set out to fly solo across the Atlantic in a Lockheed Vega. 
Earhart’s first crisis occurred when her altimeter failed, just a few hours after her departure. For the rest of the long flight, she 

had no indication of the Vega’s altitude. Shortly after the altimeter failed, Earhart encountered a thunderstorm and wandered off 
course. About four hours into the flight, a bad weld caused the exhaust manifold seam to part and Earhart could see the glow 

of flames by looking through a gap under the rim of the cowling. During the night, Earhart faced increasing vibrations from the 
damaged manifold. As the flight progressed, the Vega began picking up ice in the clouds and then entered a spin. Earhart was 
able to recover just over the water with little altitude to spare. She tried to stay under the clouds, but ran into fog. Although Earhart 
finally found an altitude that allowed her to fly a 
safe distance from the water and stay clear of the 
icing conditions, her troubles continued. 


~ ane x y y , 
Just prior to her transatlantic flight, Amelia Earhart poses 
in front of her Lockheed Vega with mechanic Edward 
Gorski and the pilot who test flew the Vega, Brent Balchen. 


About two hours from the coast of Ireland, Earhart turned on the reserve tank and discovered that the cabin fuel gauge was 
leaking. She became concerned that the fumes from the leaking fuel would be ignited by the flames from the exhaust system. At 
this point, Earhart decided not to continue as planned to Paris, but to land as soon as she could. The Lockheed Vega touched 
down in a pasture near Londonderry, Northern Ireland, after a flight which lasted almost 15 hours. As Earhart climbed out of the 
airplane, a surprised farmhand approached the Vega. “Where am 1?” she called out. “In Gallagher's pasture,” was the reply. 
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PRECISION APPROACH RADAR 

During an approach using precision approach radar (PAR) the controller provides 
highly accurate navigational guidance in azimuth and elevation. You will be given 
headings to fly to align your aircraft with the runway centerline and to keep you there 
during the approach. The controller will advise you of glide slope intercept 10 to 30 
seconds before it occurs and you will be told when to start the descent. The controller 
will also report your range to touchdown at least once each mile during the approach. 


Course deviation and trend information will be given to you to help you make the 
necessary adjustments relative to the approach path. For instance, a controller may 
report that you are “well above glide path, coming down rapidly.” This information 
allows you to adjust your airplane’s flight path 
accordingly and keep you within the safety 
zone limits of the approach, Navigational 
guidance is provided by the controller 
down to the decision height. From the DH to 
the threshold, advisory course guidance is 
furnished with radar service terminated upon 
completion of the approach. 


Like the surveillance approach, PAR (when 
available) may be used when you lose the 


navigation instruments needed to fly the other | eu shes A 
instrument approaches available at the B : fer SO aia n PS g 
airport. Approach minimums can be found wk i ae aad E 

e e FSS = ad 


in the NOS TPP and the Jeppesen Radar 
Approach Charts. 


No-GSGYRO APPROACH 

If your heading indicator becomes inoperative or inaccurate due to a gyroscopic instru- 
ment failure, you should advise ATC of the malfunction and request a no-gyro vector or 
no-gyro approach. During the vector or approach, ATC will instruct you to make turns 
by saying, “turn right, stop turn,” and “turn left.” ATC expects these turns to be executed 
as soon as you receive the instructions. You should comply with ATC directions by 
making standard-rate turns until you have been turned onto final. Once ATC advises you 
that you have been turned onto final, all turns should be made at half standard rate. 


MALFUNCTION REPORTS 

The loss of certain equipment during an IFR flight may have little significance to you. 
For example, if you are flying to a destination not served by an NDB, the loss of the ADF 
receiver may be hardly noticeable. Regardless 
of your immediate need for that piece of 
equipment, you are required by regulations, 
while operating under IFR in controlled 
airspace, to report to ATC the loss of the 
ADF receiver. FAR 91.187 requires that you 
report the malfunction of any navigational, 
approach, or communication equipment. 


When you make a malfunction report, you are expected to include the following 
information 


1. Aircraft identification 
2. Equipment affected 
3. Degree to which the equipment failure will impair your ability to operate under IFR 


4. Type of assistance desired from ATC 
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SUMMARY CHECKLIST 


/ The Aeronautical Information Manual defines an emergency as a condition of 
distress or urgency. Pilots in distress are threatened by serious and/or imminent 
danger and require immediate assistance. An urgency situation, such as low fuel 
quantity, requires timely but not immediate assistance. 


/ In an emergency, you may deviate from any rule in FAR Part 91 to the extent 
necessary to meet the emergency. 


/ The frequency of 121.5 MHz may be used to declare an emergency in the event you 
are unable to contact ATC on other frequencies. 


Y Ina distress situation, begin your initial call with the word “MAYDAY,” preferably 
repeated three times. Use “PAN-PAN” in the same manner in an urgency situation. 


/ Your transponder may be used to declare an emergency by squawking code 7700. 


v A special emergency is a condition of air piracy and should be indicated by 
squawking code 7500 on your transponder. 


/ If your remaining fuel quantity is such that you can accept little or no delay, you 
should alert ATC with a minimum fuel advisory. 


v Ifthe remaining usable fuel supply suggests the need for traffic priority to ensure a 
safe landing, you should declare an emergency due to low fuel and report fuel 
remaining in minutes. 


vV Gyroscopic instruments include the attitude indicator, heading indicator, and turn 
coordinator. These instruments are subject to vacuum and electrical system failures. 


vV During an instrument failure your first priority is to fly the airplane, navigate 
accurately, and then communicate with ATC. 


v You can use your transponder to alert ATC to a radio communications failure by 
squawking code 7600. 


v During a communication failure while operating under IFR, you are expected to 
follow the lost communication procedures specified in the regulations. 


v During a communication failure in VFR conditions, remain in VFR conditions and 
land as soon as practicable. 


v Ifyou lose communication with ATC during your flight, you must fly the highest of 
the assigned altitude, MEA, or the altitude ATC has advised may be expected in a 
further clearance. 


v Ifan approach is available at your clearance limit, begin the approach at the expect 
further clearance (EFC) time. If an approach is not available at your clearance limit, 


proceed from the clearance limit at your EFC to the point at which an approach 
begins. 


V Radar approach procedures may be available to assist you during an emergency 
situation requiring an instrument approach. 
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¥ A radar instrument approach that provides only azimuth navigational guidance is 
referred to as an airport surveillance radar (ASR) approach. 


“ During a precision approach (PAR), the controller provides you with highly 
accurate navigational guidance in azimuth and elevation as well as trend information 
to help you make the proper corrections while on the approach path. 


y A no-gyro approach may be requested when you have experienced a gyroscopic 
instrument failure. Controllers provide course guidance by stating “turn right, stop 
turn,” and “turn left” to align you with the approach path. Turns should be made 
at standard rate until you have been turned onto final at which point in time they 
should be made at half standard rate. 


V FAR Part 91 requires that you report the malfunction of any navigational, 
approach, or communications equipment while operating in controlled airspace 
under IFR. In the malfunction report you should include the aircraft ID, equipment 
affected, the degree to which the flight will be impaired by the failure, and any 
assistance you require from ATC. 


KEY TERMS 


Distress Code 7700 

Urgency Airport Surveillance Radar (ASR) 
MAYDAY Surveillance Approach 
PAN-PAN Precision Approach Radar (PAR) 
Minimum Fuel No-Gyro Vector 

Special Emergency No-Gyro Approach 

Code 7500 Malfunction Report 

Code 7600 


QUESTIONS 


1. What phrase should be used to begin a distress call to ATC? 


2. Which transponder code should be used during a special emergency? 


pee 7700 
B. 7600 
C. 7500 


3. True/False. Declaring minimum fuel is an emergency. 


4. True/False. If you are in IFR conditions and find that one of your gyroscopic 
instruments has failed, you should immediately transition to the partial panel 
technique of instrument flying. 


5. What is the primary objective of the regulations governing communication failure 
during IFR operations? 
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6. You should fly the highest of three altitudes if you lose two-way radio communi- 
cation in IFR conditions. What are those altitudes? 


7. List the routes, in order of importance, you are expected to fly should you lose two- 
way radio communication in IFR conditions. 


8. If, prior to a loss of two-way radio communication, you receive an EFC time from 
ATC for a holding fix from which an approach begins, and you arrive at that fix 


early, what should you do? 


9. Two specific items are required in order to use a radar approach procedure. What 
are they? 


10. List the three types of radar approach procedures that may be available for use 
during an emergency. 


11. Which radar approach procedure provides course deviation and trend information? 


12. True/False. After being turned onto final during a no-gyro approach, all turns 
should be made at standard rate. 


13. List the items you are expected to include in a malfunction report to ATC. 
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MAKING 


The only thing that keeps a man out of a storm is his own decision not to enter it, his 
own hands turning the airplane back to clear air, his own skill taking him back to a safe 
landing. Flight remains the world of the individual, where he decides to accept 
responsibility for his action. . . — Richard Bach, A Gift of Wings 


Aviation differs from many pursuits since it demands so much precision from the 
choices that you make, especially within the IFR environment. The complexity of these 
decisions is one of the reasons why you must have reached a certain degree of experi- 
ence before you can become an instrument-rated pilot. When you fly in poor weather, 
without visual references, you open yourself to situations that you would never 
encounter as a pilot flying VFR. You also operate in a more structured environment, and 
collaborate with ATC through the course of your flight. 


Consider the following situations, and address each with the knowledge you have gained 
so far in your instrument training. 


e You are on vacation and scheduled to return to work the next day for an important 
meeting. A slow-moving warm front sits over your entire route, and there are multiple 
PIREPs of moderate icing. The weather is expected to continue through the next 24 
hours. Your light twin has pitot heat, but no other deicing protection. Airports along 
the route are at or above minimums. 


e During climbout on an IFR cross-country, your attitude indicator fails. You have 
already picked up your clearance, and you are in solid IFR conditions. 


e You are one hour from your destination, cruising between layers. You notice that the 
low voltage light on the panel is illuminated, but you are not sure how long it has been 
on. 


e During your second ILS approach attempt, you see the approach lights at decision 
height. As you descend, they disappear behind a patch of fog. 


e After a lengthy hold, you begin an approach to your destination, and the visibility 
reported is right at minimums. At the MDA, you cannot see the runway. You execute 
the missed approach and calculate that you no longer have enough fuel to fly to your 
filed alternate. 


e The controller issues you an immediate descent to the initial approach fix altitude at 
your destination. You know that you are still over an area of mountainous terrain, and 
the descent may take you below the minimum safe altitude for the area. The frequency 
is congested, and you are unable to contact the controller. 
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The IFR environment presents unique situations in which you will have to apply the 
decision making process. You are simply unable to specifically prepare for every possible 
problem in the cockpit. However, through careful consideration of several risk elements, 
you can assess each situation and make an effective decision. [Figure 10-7] 


You are current, having flown @ 
approaches locally in the past | 
six months, but it has been a 
while since you completed an 
IFR cross-country flight. You ! 
are well-rested, and in good health. 


l Pilot — Evaluate your fitness to fly, including your competency in the airplane, i 


| instrument currency, and flight experience. 


The aircraft is familiar to you, 

and while it is normally-aspirated, 
it has dual nav/coms with 
glideslope capability, and a 
GPS that is IFR enroute and 
approach-certified. You also 
have lightning detection equipment. 


There is a cold front that 
‘ you will have to cross on 
| your route, with reports of 

embedded thunderstorms, 

moderate icing, and tops 
reaching 15,000 feet MSL. 
Egz The ceilings are low 
— — —— DP enough to eliminate the 
| Aircraft — The airplane’s equipment, pertormance, limitations, and airworthiness | option of flying VFR below the clouds. Circumnavigating the 
ieee paiconsiiciod: | | Line Would require you to extend the trip beyond your 

—— aircrafts range, necessitating a fuel stop that would cut into 

i i the time saved by flying yourself to the appointment. 


— enema roves — — 
! Environment — Factors, such as weather, airport minimums and conditions, and 
| air traffic controli, must also be weighed. 


———— a T 


You have a business appointment ; 
tomorrow with an important client 
in a city 500 miles distant. 


! Operation — The purpose of the flight is a factor w 
{your decision to undertake or continue a flight. 


After weighing the risk ų 
elements, you determine that it 
would not be prudent for you | 
to attempt to fly through the 
front, nor would you want to 


divert so far out of your way. | 
You may elect to make plans ; 
for another IFR cross country § 
after you return, and you will 
fly commercially to the out-of town meeting, or choose to drive. You 
may also wait for the front to pass through before beginning the flight. 


Situation — Overall situational awareness requires an accurate perception of how the pilot, 


aircraft, environment and operation interact to affect the flight. 


Figure 10-7. When making a go/no-go decision, you must consider the risk elements. 


APPLYING THE DECISION- 
MAKING PROCESS 


The circumstances of flight change constantly, as you are exposed to a varying number of 
events. You can either react to situations as they are presented to you, or you can anticipate 
what is likely to occur next and plan your course of action. When you deal with events as 
they come, you behave in a reactive manner. If you plan for and rehearse problems before 
they arise, you become proactive. As a pilot, your reactive skills are important, such as 
when you maneuver away from other traffic, but your ability to develop proactive mental 
processes will allow you to make better decisions in shorter time frames. 


THE IFR ACCIDENT 


When you fly on an IFR flight plan, you are operating with one of the highest levels of 

safety available to general aviation, due to the level of support and control you receive 

from ATC, and the training you need in order to act as an instrument pilot. However, 

accidents do occur. Continued VFR flight into IFR conditions is the most hazardous of 
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accident scenarios. Weather-related accidents involving IFR conditions are roughly 69% 
fatal, and there are several different types of IFR accidents. You will acquire skills and 
experience to help you avoid each of these accident causes during your instrument train- 
ing. The first type of accident involves controlled flight into terrain (CFIT), associated 
with instrument approach and departure procedures. The increased situational aware- 
ness possible through correct use of instrument procedures and visualization techniques 
makes CFIT less likely. A second accident cause is spatial disorientation, induced by 
either continued VFR flight into IFR conditions or lack of instrument proficiency. If you 
frequently practice flying by reference to instruments under simulated IFR conditions or 
in a flight training device, you are less likely to become disoriented in actual conditions. 
Another cause of IFR accidents is loss of control in IFR conditions, sometimes brought 
on by flight into convective activity, and possibly compounded by spatial disorientation. 
Awareness of wide-scale weather and judicious use of onboard weather-detection 
equipment can help you avoid flying into thunderstorms, but your best defense is the 
respect you will gain for adverse weather through caution and experience. Several sit- 
uatuions that can lead to accidents that will be addressed throughout your instrument 
training, and by keeping these in mind you can become a safer pilot. [Figure 10-8] 


Figure 10-8. Nearly 95% of 
weather-related fatal accidents in 
single-engine aircraft in 1996 were 
attributed to the 3 scenarios shown 
here. Total percentage does not 
equal 100, as other accident types 
are not listed. 


| Number of Fatal Weather-Related Accidents 


An accident, however, is rarely attributed to a single cause. Instead, a series of events, 
coupled with poor decisions, leads to the accident. In many cases, going back to where 
the first error in judgment occurred can provide a better foundation for preventing similar 
accidents in the future. For example, a number of accidents list fuel exhaustion as the 
probable cause, but many different circumstances can contribute to the accident. Many 
instances of fuel exhaustion are the result of poor planning, or failure to update the 
actual fuel burn during flight. 


POOR JUDGMENT CHAIN 

The string of events leading to an accident gives the pilot many opportunities to avoid 
disaster. One intelligent choice can mean the difference between a simple learning 
experience and an accident report. Often, a precautionary landing is the best option, 
either at an airport or other suitable landing site. Declaring an emergency and asking 
ATC for assistance is another viable alternative that many pilots in accident situations 
fail to take. Any course of action that allows you to maintain positive control of the 
airplane enhances your chance of bringing the flight to a successful conclusion. 
However, many of the judgments pilots make that lead them to an accident may have 
appeared plausible before the accident occurred, though in retrospect they would 
never choose the same course again. You are not necessarily more safety-oriented than 
pilots who have become involved in accidents. Sometimes pilots who may have been 


conscientious and skilled in the past are involved in accidents, but, during the flight 
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in question, a checklist item was left out, a procedure was hurried, or an event happened 
for which they were not prepared which resulted in an accident. [Figure 10-9] 


Ensure That Your 
Decision is Producing 
the Desired Result 


The acronym DECIDE is used by the FAA to describe the basic 
steps in the decision-making process. 
Detect the fact that a change has occurred. epee 
Estimate the need to counter or react to the change. = — 
Choose a desirable outcome for the success of the flight. 
Identify actions which could successfully control the change. 
Do the necessary action to adapt to the change. EP riemen Your 
Evaluate the effect of the action. ner 


Choose a Course 
of Action 


ae 
‘Once you reach your 


newly assigned altitude, 
‘you. will need to 
| reevaluate the amount of 
lice you may have picked 
lup during the climb, and 
‘whether the new altitude 
‚will be sufficient to keep 
‘you clear of icing 
conditions during the 
| remainder of the flight. 


' You advise ATC of the 
icing conditions, confirm | 
Ithe reported cloud tops, 
‘and ask for an amended 
‘clearance to climb to an 
jaltitude where you can 
“remain clear. You climb 
jat a slightly faster | 
airspeed to reduce the 
detrimental effects of ice 
accumulation on the 
(wings and tail. 


Tv 


You remember 
| ‘another aircraft | 
reported the top of 
"the cloud layer at 


TO... 4.3...3.. o._, g {10,000 feet MSL 
You determine that only 1,000 feet 


f you are experiencing ` labove you. You 
light to moderate rime ` P cide to er ey 
Amram ieee conditions. The | | f the ice-producing 
}While enroute on an IFR © | cumulative effects of © 
F. 4 l. oh ‘cloud layer while 
flight, you notice that ice ice are a reduction in you haven the 
| f| . . 
Ihas begun to pees | thrust and lift with an capability. 


{on the leading edges of | increase in drag and | ove 
the wings. _weight resulting in an 
m see" | increase in stall speed 
and deteriorating 
aircraft performance. 
Since your airplane 
does not have surface 
| de-icing equipment, 
you will need to get 
Jout of the icing 
| conditions quickly. 


Figure 10-9. You can use a number of methods 
to aid you in making good decisions. This model 
incorporates the FAA’s DECIDE method of 
decision making. 


ASSESSING RISK 


Sources such as the NTSB, NASA, and AOPA provide accident and incident reports that 
will help you determine the relative safety of various IFR operations. After studying the 
accident reports, aviation analysts have determined that once you acquire an instrument 
rating, you should use it often in order to receive the greatest safety benefit. Accidents 
occur when instrument-rated pilots either fail to file IFR when conditions warrant, or 
cancel their IFR flight plans prematurely, and continue flight into poor weather. In prac- 
tice, you should consider filing an IFR flight plan every time you fly cross country and 
closing the flight plan only when a safe landing is ensured. The practice will keep your 
skills sharp, and you will maintain an extra level of security that you can use if weather 
conditions become marginal VFR or IFR. [Figure 10-10] 
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Figure 10-10. Filing an IFR flight plan each T you M will Jae you to aan familiarity with the IFR system 
and aid you in maintaining your IFR currency. If weather deteriorates from VFR to marginal VFR or IFR condi- 
tions, you will already have an IFR clearance and a course of action, saving you time and concern. 


PILOT-IN-GOMMAND 
RESPONSIBILITY 


You are responsible for ensuring that the airplane is legal and safe for IFR flight, and that 
you are current and prepared to act as pilot in command in IFR conditions. Although ATC 
maintains a degree of control over IFR flights for separation and routing purposes, FAR 
91.3 remains the ultimate rule on the pilot in command’s authority within the cockpit. 
ATC is not prepared to assume responsibility for your flight. On the other hand, ATC must 
be consulted or advised concerning your decisions as PIC. You should determine a course 
of action and coordinate with ATC for a successful flight. [Figure 10-11] 


Beuteand Destination Knowledge 


_Weather Conditions _ 


Aircraft Familiarity, 


Figure 10-11. Part 91 regulations give you flexibility, but also more personal responsibility for deter- 
mining what constitutes a safe flight. 
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In order to act proficiently as pilot in command, you will need to formulate a plan for | 
maintaining your currency. The best course of action is to file and fly IFR on a regular 

basis. If circumstances prevent you from flying for a period of time, a few local flights 

practicing approaches with a safety pilot should be completed before you attempt a cross- 

country in IFR conditions. If significant time has lapsed since your last IFR flight, or you 

wish to increase your proficiency in actual conditions, schedule an instrument competency 

check with an experienced instructor. In many areas of the country, flight in IFR conditions 

is hard to acquire, and you may finish your training with little actual instrument time 

logged. Before you attempt flight as PIC in IFR weather conditions, make sure that you have 

tested similar weather with an experienced instrument pilot or instrument instructor. 


Flight in the IFR environment demands your sharpest flying skills to begin with, so any 
variables, such as emotional stress, fatigue, or less-than-perfect health, should be elimi- 
nated before you take off. You will need to fly most precisely during the approach when 
the fatigue of conducting the flight may affect you. You may not perform very well if you 
begin the flight in poor physical condition. 


SELF ASSESSMENT 

When the pilot in command is the only rated pilot in the cockpit, the operation is 
referred to as single-pilot IFR. Flying as sole pilot presents unique challenges in the IFR 
environment, because of the high workload. However, it can be accomplished safely if 
certain standards are maintained. You should be well-rested, organized, and mentally 
sharp, and the route should be one that is familiar, or at least well-rehearsed in advance. 
Also, choose an airplane that you feel comfortable in, since you will have little time in 
flight to figure out unfamiliar systems. 


IFR minimums are estab- 


lished with the intent that 
the approach will be flown 
by a current pilot at the 
controls of a familiar air- 
plane. When you first 
receive your instrument rat- 
ing, you should set far more 
conservative minimums than 
the instrument approach pro- 
cedures suggest. Only after 
you have acquired consider- 
able experience should you 
plan to fly to IFR minimums. 
You can create a personal 
minimums checklist to 
help you make go/no go 
decisions. [Figure 10-12] 


Fersonal Minimums 


Checklist 
e Ceiling isbility? 200 feet/2 miles 
$ Wind? 10 knots crosewind, 25 knots 
maximum 
e Approach? ILS, VOR, NDB full panel 
e Currency? Yes, with recent time in 
aircraft to be used 
e Aircraft? Dual nav/coms, vacuum 


warming light, autopilot, DME 
or GPSILORAN 


e Enroute? No icing, stay VFR in areas 
of convection 


Figure 10-12. A personal minimums checklist 
should outline the lowest visibility, ceiling, and 
precipitation forecasts under which you would 
consider a flight. If conditions at your destina- 
tion drop below your minimums while you are 
enroute, you may want to land instead at an 
alternate airport that meets your requirements. 


HAZARDOUS ATTITUDES 


The five hazardous attitudes that you were introduced to in Chapter 1 require your con- 
sideration during each flight. Evaluate the reasons behind the choices you make as a 
pilot to determine which attitudes you are most likely to exhibit. [Figure 10-13] 
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Anti-Authority............ eee Fi Gas there are thunderstorm cells reported ahead, but 
! don't believe those doomsayers.” 


Antidote: ATC is trying to help; they may have 
information | do not. 


invulnerability... “| have weather radar and a lightning detector on board, so 
lll be safe.” 


Antidote: These devices have important 
limitations to consider. 


Sktisatsessesasse sess: AA “Tm tough; I can handle a little turbulence.” 


, “Antidote: There s more than a little turbulence 
inside a thunderstorm cell. 


R < 1 have to try that break in the clouds before it closes up.” 


Antidote: Wait a minute that hole is not big enough 
for me to continue clear of the thunderstorms for 
another 50 miles to my destination. 


Resignation......c:cos:+- samme “There’s nothing | can do to control the aircraft now.” 


Antidote: | can maintain a safe airspeed and attitude. 


= = an gg Aa ar P = 
Figure 10-13. The pilot in this scenario displays each of the five hazardous attitudes that you need to avoid. 
A corresponding antidote follows each action, and gives you a tool for coping with similar choices that you 
might consider on an IFR flight. 


CREW RELATIONSHIPS 


Some of your flying as an instrument pilot will require you to share the cockpit. In order 
to maintain currency, you may need to fly with a safety pilot, who will be in charge of 
seeing and avoiding other aircraft and terrain while you practice instrument maneuvers 
with a view-limiting device. Anyone who holds a private pilot certificate, and is rated in 
the airplane you are flying, can serve as your safety pilot. Frequently, pilots take turns act- 
ing as safety pilot while the other flies with reference to the instruments. Before you take 
off, you should know something about the person with whom you will be flying. Does he 
or she have the same respect for the FARs and aircraft limitations that you do? Does he or 
she have more or less experience than you do in the airplane and the area in which you 
will be flying? What are his or her motivations and expectations concerning the flight? 
Even when you fly with pilots whose habits you know well, you need to establish who will 
act as PIC, and who will be 
expected to perform what 
duties during the flight. This 
also holds true when you fly 
with an instructor, such as 
during refresher training or 
an instrument competency 
check. Chapter 13, Section 
B — Commercial Decision 
Making, will explore crew 
relationships in more detail. 


Pilot B maintains aircraft separation, 
makes traffic-related radio calls, and 
# takes the controls only if immediate 


| evasive action is required. 


: [Pilot A manipulates the controls, 
[Figure 10-14] ‘and makes radio calls as required | 
for IFR flight. 


Figure 10-14. When pilots fly together, they must determine who will be 
responsible for completing the various duties in the cockpit. 
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COMMUNICATION 


Though proper communication is critical to most areas of modern aviation, in IFR flight 
it takes on special importance. Because the coordination of your flight with others takes 
place over the radio, you need to pay careful attention to the manner in which you 
communicate your requests and intentions. The IFR system is relatively complex, and 
confusion occurs when you are not conscientious about how you express yourself. You 
should work on effective listening, by concentrating on what ATC says, and questioning 
any requests that you find confusing. 


EFFECTIVE LISTENING 


There are a variety of meanings for many common words in the English language. For 
example, an instruction to hold can have several different implications, depending upon the 
context in which it is used. You may be asked to hold before commencing an instrument 
approach, meaning that you need to enter a holding pattern at a fix. When used in reference 
to ground operations, the word hold takes on a different meaning. “Cessna 2275C, 
position and hold Runway 35L” conflicts directly with the instruction “Cessna 2275C, hold 
short Runway 35L,” even though they sound very similar. Since there is potential for 
confusion, you need to read back all of the key elements in a clearance. Do not hesitate to 
clarify with ATC if you do not understand part of a clearance, even if the controller is busy. 
If you proceed under the wrong interpretation of a clearance, you could make the controller’s 
job far more difficult than if you had simply asked for clarification in the first place. 


BARRIERS TO EFFECTIVE 
COMMUNICATION 


There are few other concerns during flight as prone to human error as communication. 
For example, in the interest of brevity, pilots and controllers both shorten important 
instructions to a minimum, and at times these exchanges become too short to be effec- 
tive. You should watch out for any abbreviated altitudes or headings, and, since pilots 
and controllers commonly drop the first three numbers of an aircraft’s call sign, similar 
N-numbers can lead to high levels of confusion. [Figure 10-15] 


Readback/Hearback Error | 
Controller: “Descend and maintain 11,000.” $ 
: 


Pilot: “Roger.” The term Roger should 
g not be used to answer a question 
requiring a yes or no answer. 


Similar Call Signs 
Controller: “Cessna 241, you're following 
traffic on a 3 mile final, cleared to land 
Runway 27.” 


ee ee 


‘Pilot programs PERRY Intersection 
into GPS unit. 


| Similar Fix Names 


Pilot hears, “Climb and maintain 7,500 feet, 
direct to BALEY and hold.” The pilot was 
expecting 7,500 feet based on clearances 
received in the past. 


Controller: “Turn right direct to 
PERRI Intersection and hold as 
ublished.” 


Inappropriate Use of Roger 
Controller: “Verify level at 8,000” $ 
Anticipating an Instruction 
Controller: “Missed approach instructions, 


climb and maintain 8,700 feet, direct to 
BALEY and hold.” 


poeg E _ a n A 


(Pilot believes the controller means FL200. 


įPilot: “Roger, 421, cleared to land 


Runway 27.” 


— el Pilot: “Descend and maintain 10,000.” 
Vague Instructions | The controller hears 11,000. 


i Controller: “Maintain 2-0-0.” (200 knots) 
Figure 10-15. Here are some examples of commonly misunderstood phrases used by pilots when commu- 
nicating with ATC. 


[re ee ee a 
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Other barriers to communication involve preconceived notions of upcoming clearances. 
If you fly a particular approach to your home field many times, you may become 
familiar with a certain procedure normally used by ATC. However, you must remain 
vigilant for any changes to the normal operating practice, and listen critically to what the 
controller says each time you use the approach. 


RESOURCE USE 


Suppose you are departing from Door County-Cherryland Airport on an IFR cross-country 
flight back to your home base at Iowa City Municipal. Before you start the engine, you 
program both your filed route and an alternate route to your destination into the GPS. You 
also go ahead and store the first four frequencies you expect to use into the communication 
radios. While waiting to taxi, you write down your clearance on your kneeboard, which 
holds paper and several pencils ready for use in flight. As you taxi to take off, your 
passenger holds your kneeboard and charts. Once airborne, you call Flight Watch for 
updated weather and PIREPs, so you know if the weather at your destination is close to 
what was forecast. A short distance away from Iowa City, you use the autopilot to hold the 
airplane while you retrieve the proper chart for the approach. You ask ATC for a vector to 
the final approach course, and as you execute the approach, your passenger is able to adjust 
the defroster vent so that the windshield will be clear when you break out of the clouds. As 
you can see, proper use of available resources can make your flight run more smoothly. 


INTERNAL RESOURCES 


As more and more safety-related technology becomes affordable for general aviation pilots, 
the amount of resources available in the average cockpit increases steadily. Advances like 
GPS, airborne weather radar and TCAD are helpful tools, but only if their proper use is well 
understood by the pilot. Accidents have occurred when professional flight crews have 
entered the wrong identifier into a flight manage- 
ment system or incorrectly set a radio altimeter. 
Therefore, you need to fully acquaint yourself with 
any unfamiliar equipment on board the airplane 
before you take off into IFR conditions. The 
head-down time you spend in the airplane figuring 
out a piece of equipment takes away from the time 
you spend watching the instruments and staying 
abreast of the flight’s progress. Program any 
information into navigational radios deliberately so 
that you are sure you are entering the proper 
frequencies and identifiers. If you receive a 
confusing signal, try to avoid fixating on that piece 
of equipment. Verify with another source, such as 
ATC, or another radio that you know for certain is 
working, and if the problem persists, turn off the 
equipment causing the confusion. The same is true 
in case of autopilot failure or a runaway electric 
trim switch. Do not hesitate to return to flying man- 
ually rather than fighting the autopilot for control 
of the airplane. You should never take off when an 
important piece of equipment is inoperative. Even 
if the equipment is not required by regulation, like 
an autopilot or a second radio, you should consider 
how the loss of capability will affect your flight. 
[Figure 10-16] 

Figure 10-16. A flight log serves as an important 
resource, listing courses, altitudes, and navaid 
frequencies along the route. 
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EXTERNAL RESOURCES 

When you fly under VFR, you may use ATC as a helpful tool for periodic weather and 
traffic updates. Now, controllers become part of your crew, and you will coordinate with 
them frequently, and use their knowledge and skill as an important component in each 
IFR flight. They are your most vital external resource. However, there are other sources 
of information that you should consider as well. Other airplanes in the area or ahead of 
you on your route can provide PIREPs, which are most helpful in cases where icing, tur- 
bulence, or thunderstorms are factors. FSSs also can provide weather information, as 
well as process your flight plan. 


WORKLOAD MANAGEMENT 


The phases of flight with the highest degree of complexity and the most critical tasks 
require more precise planning. Through proper workload management techniques, you 
can learn to plan effectively for multiple scenarios, focus your attention on the most 
important task at hand, and deal well with the demanding periods of flight without 
becoming overwhelmed. 


PLANNING AND PREPARATION 


FAR 91.103 provides specific requirements for preflight action before an IFR flight, and 
you will notice that these requirements in some instances are more extensive than those 
for VFR flight. Though the regulation appears thorough, mentioning weather reports, 
fuel requirements, and alternates available, you can increase the safety of your flight by 
taking your preflight planning a few steps further. 


After considering weather, fuel, and alternate airports, rehearse your intended route of 
flight, and determine if there are any parts of the flight that make you feel uncomfortable. 
These could include picking up your flight plan upon departure from an unfamiliar air- 
port, following a SID from a busy terminal area, or flying an approach at your destination 
for the first time. For each of these concerns, take the extra time to ask an experienced 
pilot about what you can expect, and to mentally prepare for this phase of the flight. 


Once you have outlined the flight under ideal circumstances, direct your attention to 
forming an alternate plan. Go through the missed approach for each possible approach 
procedure at your destination. Do they differ? How do they relate to the surrounding ter- 
rain? With the proposed amount of fuel you have on board, you should determine how 
many approaches you could make before you would need to divert to your alternate. 
Then, factor in an increased headwind, such as 20 extra knots, enroute to your original 
destination, and recalculate the number of attempts you could make based on an 
updated groundspeed figure. Review the approaches available at your filed alternate, 
and then look at those for other airports in the vicinity. In the case of a wide-spread 
weather system affecting your destination, airports over a larger geographical area could 
fall under the same conditions, and you should formulate a plan for this possibility. 
[Figure 10-17] 


If you follow the weather trends for several days before your flight, you will have a sense 
of how quickly a system is moving across the country. However, fronts are prone to 
changing speed, either moving more quickly than forecast, or stalling in a particular 
area. Determine which change in forecast conditions would most adversely affect your 
flight, and plan for that change to occur. Think of how the weather might affect your fuel 
calculations, and the approaches available. If the weather is low enough, it could be 
below your personal minimums, or even legal IFR minimums. You should always keep 
in mind where VFR weather is most likely to be found in the event you have an equip- 
ment malfunction, such as an electrical system failure or engine problems. Make sure 
you have the charts for that area along with you. 
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In this example, a flight from Denver 
to Dallas penetrates a line of 
thunderstorms. Choose an alternate 
behind the cold front in case you are 
unable to continue to Dallas. Abilene 
would be a better choice than Waco. 


Figure 10-17. Choose your alternate(s) 
carefully, as weather at your destination 
could also affect your alternate. 


If you have a GPS, or other database navigation system on board, it makes sense to pro- 
gram your route and alternates before you start the engine. Any head-down time you 
spend during flight is time away from controlling the aircraft and may detract seriously 
from your general awareness. In addition, if you store a couple of alternate plans into the 
equipment onboard, you can access them quickly. 


The approach segment typically marks your highest level of workload. To help manage 
this, you should have rehearsed everything for the approach before you begin your 
descent, generally 30 miles away from the airport. 


PRIORITIZING 


During an IFR flight, you need to remain continually aware of what will happen next. 
This will assist you in prioritizing what items you need to accomplish, and in what 
order they need to occur. Prioritzing is especially important in periods of exceptionally 
high workload, such as during an approach in low IFR conditions. 


When you encounter a high workload situation, identify your most important tasks. 
Usually, controlling the airplane is foremost, followed by staying aware of your position. 
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Equipment problems should be dealt with on an urgency basis. Obviously, emergencies 
such as an engine failure will require your immediate attention, but troubleshooting the 
problem should not interfere with positive control of the airplane. Ifa navigation instru- 
ment fails in the middle of the approach, such as the loss of the glideslope during an ILS, 
review your MDA and consider carefully whether to continue the approach or com- 
mence the missed approach. If you become distracted, proceed directly to the published 
missed approach to give yourself altitude and time. Communicate your intentions to 
ATC after you have established control of the airplane. [Figure 10-18] 
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Figure 10-18. Patterns for prioritzing tasks develop by building on your use of mental and written checklists. 


WORK OVERLOAD 


There may be times during a flight when the workload outweighs your ability to stay ahead 
of the airplane. When you fly a nonprecision approach, you are particularly prone to work 
overload, especially if the approach involves multiple step-down fixes and intermediate 
altitudes. The amount of numbers you must refer to increases, and your guidance infor- 
mation is more abstract. Any additional workload, such as an equipment failure or an 


10-26 


IFR DECISION MAKING SECTION B 
Oo T r 
unusual request from ATC, could upset your balance in the cockpit. For this reason, you 


might consider setting even higher personal minimums for yourself during these 
approaches, and practicing them often to maintain your proficiency. 


= 


Studies have shown that most altitude deviations are the result of an improper mindset, 
but heading deviations are often human error due to high workload. Though altitudes 
may remain relatively constant from flight to flight, course headings and vectors change 
frequently because of varying weather and traffic situations. Some single-engine aircraft 
heading indicators are equipped with a heading bug that you can use to quickly record 
the course given to you in a clearance. [Figure 10-19] 


Margin 
of Safety 


Task 
Requirem 


Figure 10-19. During each phase of flight, there is a relationship between the amount of work 
necessary and the pilot’s ability to deal with the workload effectively. 


SITUATIONAL AWARENESS 


The skills that allow you to know where you are when you have no outside references 
come with your instrument training. Using these skills effectively is an important part of 
situational awareness, when incorporated with knowledge of the airplane and systems, the 
weather affecting the flight, and the requirements of ATC. Situational awareness can dete- 
riorate when you experience problems with crew relationships, miscommunication, poor 
use of resources, and inadequate workload management techniques. With this in mind, 
your level of situational awareness is a good indicator for the overall safety of the flight. 


VISUALIZATION 

One way to increase your situational awareness is to use visualization, the ability to see 
in your mind an overview of the flight. Visualization has aided you throughout your 
pilot training. For example, you probably used detailed diagrams to help you understand 
airplane systems. Though you could not see an entire system at once, you could 
visualize how it worked through the use of the diagram. Through the use of both VFR 
and IFR charts, you can take this process one step further and teach yourself to picture 
what is going on outside the airplane when you have no visual references. You may prac- 
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tice visualization techniques both before and during the flight, and thereby enhance your 
situational awareness. [Figure 10-20] 


26 apr 9 (19-01) Figure 10-20. This preflight 


exercise will enhance your 
preparation by helping you to 
visualize the area over which 
you are flying. 


JACKSON, WYO È 
JACKSON HOLE 
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APT. 6445" 
MISSED APPROACH: Climb to 11000" outbound on JAC VOR R-188 then climbing 
LEFT turn to 15000' direct JAC VOR and hold. 


e Start with an approach you know well, over terrain you are familiar with: 


e IAP charts use two views to help you visualize the approach; create a mental three- 
dimensional image of the course. 


¢ In your mind, combine the plan view of the approach with the profile view to visualize the total 
procedure. 


e Place this three-dimensional image over your mental image of the terrain as it appears under 
VFR. 


e Using this technique, visualize an unfamiliar approach: 


* Take a sectional or WAC chart of the area, and make it three-dimensional in your mind, 
looking at terrain features, towns and other items depicted on the chart. 


e Use the plan and profile views of the approach and create a three-dimensional image of 
the procedure, superimposing the approach over the terrain as you have pictured it in 
your mind. 


* Finally, fly the approach mentally, picturing where you are over the terrain in each phase of 
the procedure. This way you can visualize the terrain without having outside visual referer 
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CONTROLLED FLIGHT INTO TERRAIN 


You will recall that CFIT occurs when an aircraft is flown into terrain or water with no 
prior awareness on the part of the crew that the crash is imminent. Through the 
implementation of extensive training programs and the installation of GPWS, air 
carriers and professional flight departments have significantly reduced the number of 
CFTT-related accidents in the United States. In the period between 1946 and 1972, there 
were 72 such accidents. From 1990 to 1997, there was only one CFIT-related accident 
involving a U.S.-registered Part 121 aircraft. However, CFIT-related problems remain 
more prevalent in general aviation due to lower technology levels in the cockpit, and 
lack of formal CFIT training among pilots. 


You can avoid CFIT by increasing your positional awareness. A high level of positional 
awareness includes paying particular attention to your location relative to terrain, and 
the minimum altitudes provided on IFR charts. Visualization of your surroundings, as 
described previously, will aid you in maintaining positional awareness. Many general 
aviation CFIT accidents occur because a pilot descended below the DH or MDA without 
the appropriate visual references, or failed to follow a missed approach procedure 
properly. You should not be tempted into continuing your descent below the DH or MDA 
if you have not met the necessary requirements, no matter how well you know the sur- 
rounding terrain, or how much you want to land. Double-check all approach minimums, 
and ensure that you are following the correct procedure. Also, be aware that if there is an 
inoperative navigation or ground component, you will need to comply with higher 
approach minimums than if the full system of instruments and navigation or visual aids 
was available to you. Before your flight, also note what obstructions or terrain are found 
in the airport vicinity. [Figure 10-21] 


See ees 


Figure 10-21. increasing your positional awareness will help you avoid becoming involved in a CFIT accident. 


As GPWS equipment becomes less expensive, you can look forward to the future when 
many general aviation aircraft will have the added margin of safety that it provides in 
high workload situations. However, as with any equipment in the cockpit, you must 
understand its proper use and limitations. 
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tain airport such as Eagle 
County Regional at Eagle, 
Colorado, you will notice 
some important differences 
between this approach and 
one found over less precipi- 
tous terrain. [Figure A] 


An offset localizer is neces- 
sary because of the airports 
position in the valley. The 
elevation of Eagle is 6,535 
feet MSL, and you will note 
that the MDA is 10,160 feet 
MSL, just a thousand feet 
below the mountain tops near 
the runway. The initial 
approach altitude of 15,000 
feet MSL is a clue to the high 
enroute altitudes in the area. 
Many normally aspirated, 
single-engine airplanes may 
be unable to maintain these 
altitudes, and you would need 
to be on oxygen for much, if 
not all, of the flight. If you are 
still considering an IFR flight 
into a mountain airport you 
should also take a careful look 
at its established departure 
procedures. The departure 
procedure from Eagle’s 
Runway 25 requires a 
minimum climb gradient of 
750 feet per nautical mile to 
11,200 feet, or 1,125 feet per 
minute at a groundspeed of 
90 knots — healthy indeed for 
nonturbocharged aircraft at 
this altitude. 


IFR Over the Rocks 


Many pilots fly single-engine aircraft in the mountains, but most would think twice about flying over this rugged terrain 
in IFR conditions. On the other hand, quite a few mountain airports have published instrument approaches, and air- 
lines and commuters use them regularly to provide service to these regions. However, if you look at an approach chart for a moun- 
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OBSTACLES TO SITUATIONAL 
AWARENESS 


There are several different circumstances which can act as barriers to your situational 
awareness. As more automation enters the cockpit, you will become aware of its advan- 
tages and disadvantages. While it can aid you in navigation and reduce your workload, 
there are also times when it can have the opposite effect. When you have a system that 
requires complex user entries, pushing the wrong buttons can lead to a confusing 
readout or incorrect course. The situation becomes more serious when the equipment is 
used on approach. As you get closer to the ground, the time you have to ascertain and 
correct a mistyped entry diminishes, possibly to the point where the safety of the flight 
is compromised. To avoid this problem, confirm all entries with the appropriate chart, 
and periodically ask yourself if the readout makes sense and agrees with the other 
navigation equipment on board. 


When you are receiving radar vectors, it may be easy to lose positional awareness. 
Although vectors reduce your workload, do not allow them to take you out of the decision- 
making loop. You should consider where the vector will take you before accepting it. Other 
obstacles to situational awareness include confusing clearances from ATC, a copilot that 
fails to tell you of a change or correction in the cockpit, or a piece of equipment that is 
malfunctioning and diverts your attention away from flying the airplane. The increase in 
workload on approach by itself can lead to a loss of situational awareness if you become 
fixated on a particular instrument or display. If you sense that any of these issues detract 
from your situational awareness, request permission to break off the approach and hold 
at a higher altitude until you have a better grasp of the situation. 


THE APPLICATION OF THE 
DECISION-MAKING 
PROCESS 


While lack of skill may lead to minor accidents, such as leaving the runway on a landing 
roll-out, the most serious accidents stem from poor decision making. Even if you are not 
the most experienced instrument pilot, you can practice sound decision making from the 
moment you first begin your instrument training. Talk to other pilots, fly with those who 
have greater experience and a record of wise judgment, and ask a lot of questions when 
you call for a weather briefing. Then, listen to your instincts about the flight. If there is 
something bothering you that you cannot place, there may be a good reason not to make 
the flight. The following scenarios will help you discover the difference between good 
IFR decision making and the poor choices that can lead to an accident. 


Carelessness and overconfidence are usually more dangerous than deliberately accepted 
risks. — Wilbur Wright 


AN ACCIDENT WAITING TO HAPPEN 

The pilot of the Seneca was cleared for the ILS Runway 4 approach at North Bend, 
Oregon, at approximately 9 miles north of the North Bend VOR. He was told to cross the 
VOR at or above 3,700 feet MSL. About 14 minutes later, the pilot called North Bend FSS 
and reported that the localizer needle on his receiver did not seem to be moving. The 
airplane had a history of problems with its navigation equipment, and these difficulties 
continued through the rest of the flight. When the airplane was 11 miles south of the air- 
port, Seattle Center cleared him to descend from 5,000 to 3,000 feet MSL, and to fly a 
heading of 360°. After a heading change to 035°, the pilot stated that the needle was cen- 
tered. At the outer marker, he was at 2,000 feet MSL and he would “try to get down.” 
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Approximately 2 minutes later, he reported at 800 feet. That was his last transmission. 
The aircraft wreckage was found 3 miles north-northeast of the airport. 


The pilot began the flight with two errors in decision making. The first was that he took 
off in an airplane that was notorious for its navigation and communication equipment 
problems. Another pilot for the company said that the company sometimes put pressure 
on the pilots to fly aircraft with equipment problems, and this probably contributed to 
the pilot’s decision to go ahead and make the flight. Also, the pilot had performed poorly 
while flying on instruments during a recent checkride. This should have been a sign that 
he needed to seek additional training before flying under IFR. 


During the flight, the pilot never asked for assistance from ATC, though it was clear his 
equipment was malfunctioning. A diversion to a nearby airport with an ASR approach 
would have saved him from having to fly an ILS with an inoperative localizer needle. 
Still, he proceeded, and when the approach failed, he delayed following the published 
missed approach in a vain attempt to find the airport. There were several points at which 
the pilot could have made a wise choice, giving a successful conclusion to the flight. 
Even seconds before impact, adherence to the proper missed approach procedure, and a 
climb away from the rising terrain, might have saved him. [Figure 10-22] 
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Figure 10-22. This is the ILS RWY 4 approach at North Bend, Oregon. Note that 
the pilot reported 2,000 feet at the outer marker, which is more than 1,000 feet 
above the glideslope intercept altitude. 
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WHAT WOULD You Do? 


You take off into IFR conditions with the forecast that your destination will be marginal 
VFR and clearing by your ETA. Enroute, you are flying between layers, and you notice 
that the clouds ahead do not appear to be thinning at all. You call Flight Watch, only to 
find that the cold front has stalled, and the weather at your destination remains IFR — 
below your personal minimums but enough above legal minimums to be tempting. You 
check your fuel, and discover that headwinds stronger than forecast have cut slightly 
into your reserve. You are not sure you will be able to comfortably fly to your alternate if 
you try the approach at your original destination. On the other hand, ATC informs you 
that pilots ahead of you have had no trouble getting into the airport. You have been 
flying a lot recently, and feel your skills are pretty sharp, even though you do not have 
much experience in actual conditions, and this would be your first approach to minimums. 
What do you do? 


You decide to try the approach to your original destination. ATC requires you to hold for 
10 minutes before they clear you to intercept the localizer. The lower you get on the 
approach, the more nervous you become, and you find yourself unable to hold a steady 
descent down the glideslope. The steady rain beating against the windshield distracts 
you even more. A hundred feet above the DH, the glideslope needle becomes fully 
deflected — fortunately, you have erred on the high end, and you break off the approach 
and execute the missed approach procedure. Once you are established in the hold and 
calm yourself, you notice that you do not have enough fuel to safely reach your alternate. 
What do you do? 


You collect your thoughts. When ATC clears you for another approach, you ask for assis- 
tance. They provide vectors to the localizer, and closely monitor your ground track. 
Knowing that someone else is paying attention makes you feel more confident. You see 
the approach lights, and then the runway just before you reach decision height. You 
promise yourself that if you make this one, you will get some more actual instrument 
time with an instructor on board. The landing is not your best ever, but you are simply 
glad to be on the ground. You know now that diverting to your alternate when you had a 
chance would have been the wisest plan, and carrying more fuel might have helped 
you avoid the tough decision in the first place. However, you broke the chain of poor 
judgments by asking for assistance from ATC, and you managed to land safely. 


Aeronautical decision making is more of an art than a science. The more you educate 
yourself, through training, experience, and studying the mistakes of others, the better 
equipped you will be to make sound decisions as a proactive instrument pilot. 


SUMMARY GHECKLIST 


/ Accidents involving IFR conditions are roughly 65% fatal. Obtaining your instru- 
ment rating and maintaining IFR currency greatly reduces your risk for these types 
of accidents. 


/ Accidents are rarely attributed to a single cause, but are the result of a series of poor 
choices. 


Y You should consider filing an IFR flight plan for every flight, and close that flight 
plan only when a safe landing is ensured. 


/ Though you work closely with ATC under IFR, you remain the final authority as to 
the safety of the flight. You may also need to coordinate responsibility with other 
pilots that fly with you. 


SECTION B 
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Flying with a safety pilot to practice instrument maneuvers will help you maintain 
currency and proficiency. 


Developing a personal minimums checklist will assist you in determining the fea- 
sibility of a particular flight. You should take into account your currency and 
experience when deciding which conditions you feel comfortable flying in. 


Five hazardous attitudes affect your decisions, and you should examine your 
choices to ensure that you make the proper response when one of these attitudes 
affects your flight. 


To avoid confusion, be sure to read back all important parts of a clearance, and ask 
for clarification when there is an instruction you do not understand. 


Barriers to communication include preconceived notions of upcoming clearances, 
abbreviated clearances, and words that have more than one meaning. 


Effective use of resources occurs when you understand and utilize all the people 
and equipment available to you during a flight. 


Plan for each IFR flight thoroughly before you leave the ground, including fuel 
requirements, alternates available, and missed approach instructions. It is also 
helpful to program any navigation information before engine start. The more you 
can rehearse ahead of time, the more prepared you will be in the event of a prob- 
lem. 


During a high workload situation, identify the most important tasks and make 
those a priority. Do not allow yourself to fixate on an extraneous issue. 


Visualization techniques can be used to create a mental picture of the flight. 


You can avoid CFIT by maintaining positional awareness: staying abreast of your 
altitude, the proper procedures in use, and the terrain surrounding the airport. 


Loss of situational awareness can occur when pilots are confused by clearances, 
misunderstand onboard equipment, or do not communicate properly with others 
in the cockpit. 


KEY TERMS 


Decision-Making Process Safety Pilot 

Risk Elements Resources 

Reactive Prioritizing 

Proactive Visualization 
Single-Pilot IFR Positional Awareness 


Personal Minimums Checklist 
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QUESTIONS 


1. What are the three most common causes of weather-related IFR accidents? 


2. True/False. As a newlv-rated instrument pilot, you should plan on making your 


first approach in actual conditions to IFR minimums. 
For questions 3 through 6, name the hazardous attitude associated with each statement. 


3. So what if the Learjet ahead of you missed the approach twice and diverted to an 
alternate? You're a good enough pilot to make it in. 


A. Macho 
B. Impulsivity 
C. Anti-authority 


4. Ice has already started to form on the wings. There’s nothing you can do about it 
now. 


A. Impulsivity 
B. Resignation 
C. Invulnerability 


5. You hate calling ATC about every little thing you do. They always make you fly out 
of your way. 


A. Macho 
B. Anti-authority 
C. Invulnerability 


6. The localizer needle is fully deflected to the right. You’d better make a steep turn 
to get back on course. 


A. Macho 
B. Impulsivity 
C. Resignation 


7. What are some common sources of miscommunication with ATC during an IFR 
flight, and what can you do to avoid them? 


8. True/False. The best time to figure out how to program a route into your GPS unit 
is during cruise. 


9. List the preflight preparations you can make to help ensure a safe IFR flight. 
10. What are some of the ways you can avoid controlled flight into terrain? 


A. Maintain altitude awareness, make a stabilized approach, and understand ATC 


clearances 
B. Maintain altitude awareness, contact departure control early, and ensure you 


have good charts 
C. Makea stabilized approach, climb out in an expeditious manner, and disregard 


erroneous GPS signals 
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Do not let yourself be forced into doing anything before you are ready. —Wilbur Wright 


Due to the complexity of IFR flight planning, Wilbur Wright’s statement is sound advice. 
Although the IFR flight plan is an extension of the VFR flight planning process, it 
requires greater attention to detail than a VFR flight plan. IFR flight planning emphasizes 
route selection, the collection of communication and navigation information, knowledge 
of charts and flight publications, and, above all, the gathering of timely and accurate 
weather information. 


You are required by the regulations to perform numerous preflight actions and be familiar 
with a variety of information. Aircraft performance, knowledge of current and forecast 
weather conditions, and planned alternatives are items you should pay special attention 
to during the IFR flight planning process. Fortunately, the resources needed to put 
together a comprehensive flight plan are readily accessible. 


To illustrate, an IFR flight from Eppley Airfield in Omaha, Nebraska, to Rochester 
International Airport in Rochester, Minnesota, will be planned. The flight will depart 
Eppley at 2000Z and should take approximately one hour and fifteen minutes to reach 
Rochester. The airplane to be flown is a Cessna Turbo Skylane RG (TR182) with dual 
nav/coms, glide slope, ADF, Mode C transponder, DME, and GPS. 


FLIGHT OVERVIEW 


Before you start planning, you should take a preliminary look at factors that may prevent 
you from making the flight. Doing so will give you a broad overview of the flight and 
provide you with a rough idea of your ability to complete it. The preliminary overview 


IFR FLIGHT PLANNING 
sai. 


allows you the chance to make a go or no-go decision before you get very far into the 
flight planning process. If conditions look favorable to completing the flight during the 
overview, you can begin planning. 


Initial factors to consider are weather, airplane performance and equipment, potential 
routes, and your instrumeni proficiency level. You can learn about the general weather 
patterns for your flight by watching The Weather Channel, the television news, reading 
the newspaper, contacting the National Weather Service for a long range forecast, or 
accessing internet weather sites several days prior to the flight. While these sources of 
weather information are quite good, they should not be used as substitutes for complete 
FSS or DUATS weather briefings. [Figure 10-23] 


FAA FLIGHT PLAN 
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Figure 10-23. Planning an IFR flight plan is like putting together a puzzle. It requires you to fit many pieces of 
information together in a manner designed to give you an accurate picture of your proposed flight. 


When considering airplane performance and equipment, relate them to the airports of 
intended use and the terrain over which you will fly. Familiarity with your airplane’s 
performance should give you an idea of its capabilities relative to the impending flight. 
However, specific performance information like fuel consumption and takeoff and 
landing distances will need to be calculated when planning the flight. Knowledge of the 
general route of flight and its terrain will suggest to you whether additional equipment 
like supplemental oxygen is needed. Also, if your airplane is equipped with GPS or 
LORAN, you may want to consider making a direct flight instead of one on airways. 


Finally, you should consider your instrument flying proficiency. If the rest of the 
overview indicates the flight may be difficult to complete, you need to decide if your 
current skills are up to the task. If not, you should postpone the flight until conditions 
improve or until you have the chance to refresh your skills with an instructor’s help. 
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Based on factors in the overview, including the TR182’s performance and equipment, as 
well as the relatively flat terrain over which the flight will be made, the flight from 
Omaha to Rochester looks like it can be completed. With a preliminary decision to go, 
you can plan the flight starting with the selection of your route. Once the route has been 
selected, you need to reference the flight publications applicable to the flight and gather 
detailed weather information in order to plan cruise performance and the use of alternate 


airports, if needed. 


ROUTE 


Several factors influence route selection, including the availability of route alternatives, 
aircraft performance considerations, and fuel economy. If a preferred IFR route is available, 
plan to fly it unless weather conditions or aircraft performance warrant a different route. 
Preferred routes are listed in the Enroute section 


of the Jeppesen Airway Manual and in the 
Airport/Facility Directory. Preferred IFR routes 
beginning or ending with a fix indicate that 
aircraft may be routed to or from these fixes via 
a SID, radar vector, or STAR. [Figure 10-24] 


Milwaukee 
Naples ..., 


TADS CUO N PCO eH ODER EGE GeSTAGECoNERRCEsOney 


sereset 


Orlando Executive /Orlando INU ..ussessas 
PDOE TN cecess csssnvsuventunes yrexcathanvmesanasuiwes 
St. Louis... 


Sait Lake City . 
San Francisco ........ 


OMAHA 


ROCHESTER, MN 
Chicago O'Hare .. 


ST LOUIS 
CGRREA TG E T cage ee ames 


CHIGHBCIPAIGWAY, ...crogravecssversysatssuevenroaes 
Chicago O'Hare ... oe 
COlUMDUS wrrcceresnenes 
Dallas/Fort Worth .......... Raa 
Detroit Metro—Wayne Co .ssssvssssssssrsssses 
Detroit Satellites: 

Pontiac, Willow Run, Ann Arbor............ 

Detroit City, Windsor, 
Fort Lauderdale .......... 


Chicago O'Hare ...........06 


PREFERRED IFR ROUTES 


Route 
OD! J30 BRIBE BOF ENL ENL162 PLESS J45 BNA 
373 TLH 341 PIE CYY-STAR soon ties 
OD! MSNIV2 WAITS ..s.csecscsorserscsssseosnnsas sag 
ODI J30 BRIBE BOF ENL ENL162 PLESS J45 BNA 
J73 TLH 443 PIE SRQ-STAR oo... ces Serene 
OD! J30 BRIBE BOF ENL ENL162 PLESS J45 ....... 
DLL BAE J34 CRL J584 SLT FQM-STAR occ 
ABR J32 MLD J158 MVA ECA osioon 
OD! J30 BRIBE BDF ENL ENL162 PLESS J45 ATL 
VEGIOTKILEGSESSTAR, cesesssncsscsrsseaceseceeseacersese 
ONL LBF PUB ALS 3102 ZUN 
FOSSL@STAR ..,ccscsssccenvecs ore 
RST ALO J233 CNOTA RIVRS-STAR 
ABR 3158 DDY J202 OCS OGD......, m 
RBR JO GMGILAIPYE: susserasaesistasrsasssiegiarosioissees 
ODI J30 BRIBE BDF ENL ENL162 PLESS J45 BNA 
J73 TLK CLAMP-STAR s.ccosssscsssassevsererserseneeee 


OTTESPARY ia ait, einen: A E RE 
GATWY-SID ROD J29 JHW J82 ALB GDM 

GOMBEGTIAR  sracsessenceassvsaseuestavessssvessteatanscsaserce 
CARDS-S!D CAP MOTIF-STAR ... 
CARDS-SID BOF BOF-STAR,, .... 
GATWY-SID ROD V210 GUNNE . 
LINDY-SID MAP RZC FSM BYP ......... Eo 
GATWY-SID VHP FWA V11 VOB MIZAR ........... SR 


GATWY-SID VHP FWA CRUXX-STAR seses sevenesees 
GATWY-SID VHP FWA V96 VWV VWV051 POOFE... 
LINDY-SID MAW VUZ J39 MGM TLH J43 PIE 


RODIDBGUVUSTARMccstssesccccsecsesnrsatensesseaeataenere 


261 
Effective 
Times 
{UTC} 


1100-0400 
0700-2359 


1100-0400 


1100-0400 


1100-0400 


0700-2359 


0000-2359 | 


a 


41200-0400 
0000-2359 


Figure 10-24. While preferred IFR routes are listed from both Omaha and Rochester to Chicago 
O'Hare, there are no preferred routes between Omaha and Rochester. 
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When no preferred IFR route is available, you will have to 
consult the enroute chart to select the most practical route for 
the flight. In all cases, you should check for applicable MEAs 
along the route. In some parts of the country, minimum 
enroute altitudes may be beyond your aircraft’s climb 
capabilities or they may require the use of oxygen. If your 
airplane is equipped with LORAN-C or an IFR-certified 
GPS, you also may consider planning a direct route. 
While the Turbo Skylane in this planning example 

does have GPS, it is not IFR-certified nor does 

the airplane have LORAN-C. As a result, 

the flight will need to be planned along 

airways between Omaha and 

Rochester. [Figure 10-25] 
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Figure 10-25. The most direct airway 
routing between Omaha and Rochester 
consists of V-138 from Omaha (KOMA) 
through Fort Dodge (KFOD) to Mason City 
(KMCW). The route then follows V-161 from 
KMCW to the Rochester VORTAC from which 
you can transition to several of the Rochester 
(KRST) approaches. 


Once your route has been selected, you will need 

to determine if Omaha and Rochester have 

published departure and arrival procedures. You can 

find out if departure and approach procedures are 

published by reviewing either NOS or Jeppesen approach 

charts for both airports. Since the flight originates in 

Omaha, you should first look to see if Omaha has published 

departure procedures. [Figure 10-26] It may also be wise 

to review the approach procedures into Eppley in case you have 
to return shortly after takeoff. 
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CHANGES: Omaha three now Omaha four. © JEPPESEN SANDERSON, INC., 1984, 1996, ALL RIGHTS RESERVED. 


It's a serious misunderstanding of instrument flying to think of an approach plate as a 


mere map for dropping out of the clouds in search of a runway, at the very least, a plate 
is a work of art— Paul Bertorelli, ‘IFR’ Magazine 


In the process of looking for arrival and departure procedures, you will find there are no 
published arrival procedures for Rochester. Therefore, you will need to determine how 
to transition from the enroute to the approach segment of your flight. Reviewing the 
enroute charts as well as the approach plates at Rochester shows that many of the initial 


fixes for approaches into Rochester are based on the Rochester VORTAC, the final fix in 
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your enroute segment. Consequently, you will probably be able to transition directly from 
the enroute portion of your flight into the approach given to you by ATC. [Figure 10-27] 
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Figure 10-27. Your final enroute fix is the Rochester VORTAC which also serves as the IAF for a number of 


approaches into KRST. 
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CHAPTER 10 


IFR FLIGHT CONSIDERATIONS 


ps 


With your primary route selected, you should consider possible alternate airports in 
case of poor weather at Rochester. Each alternate should be far enough away to avoid 
adverse weather affecting your destination. In addition, your alternate should have 
adequate communications, weather reporting, and at least one instrument approach. 
Other factors being equal, the more approaches an alternate has, the better. Examine 
the approach minimums for airports in the area and compare them to the forecast 
weather at your ETA. Also be sure to note whether an airport with an instrument 


approach may be filed as an alternate. [Figure 10-28] Figure 10-28. Although there are a number 
of airports with instrument approaches near 
Rochester, none of them may be filed as 
alternates. As a result, you may be required 
to select an alternate that is far from your 
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FLIGHT INFORMATION PUBLICATIONS 


After choosing your route of flight you need to review the pertinent flight information 
publications. Navaid and lighting outages, runway closures, and limitations on instrument 
approach procedures can significantly affect your flight plan. NOTAMs, which are 
published in the Chart NOTAMs section of the Jeppesen Airway Manual and in the 
Notices to Airmen publications, are your best source of information regarding these fac- 
tors. [Figure 10-29] 


You should review the A/FD for specific information about your departure, destination, 
and alternate airports. Gathering data on runway lengths, fuel availability, lighting, hours 
of operation, and navigation, communication, and radar facilities helps to ensure that 
you meet the requirements of FAR 91.103 concerning preflight action. Additionally, you 
are required to ensure that the airplane and its equipment meet FAR inspection require- 
ments. You also must determine whether any spe- 
cial navigation equipment in the airplane is 
IFR-certified. For instance, if your aircraft 
was equipped with LORAN-C you may need 
to reference the airplane’s flight manual 
supplement to determine whether or not it meets 
IFR certification requirements. 
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General Terminal Chart NOTAMs 


KRST, ROCHESTER INTL, ROCHESTER, MN 
KRST CHART NOTAMs: 
Temporary, begins immediately until further 
notice. (13-1) VOR or GPS Rwy 2 st-in Indg 
with D5.0 MDA(H) 1720’ (403’), VIS CAT C 1 
1/4. (18-1) RADAR-1 st-in Indg ASR 2 
MDA(H) 1720’ (403’), VIS CAT C 1 1/4. 


KMCW, MASON CITY MUN, MASON CITY, IA 
KMCW CHART NOTAMs: 
Temporary, begins immediately until further 


pre DO ll QMO) MM OTS peng 


Jeppesen Enroute Chart NOTAMs 
USA - General Notices 


Houston Approach Control Special Speed Limits. 
Aircraft departing from airports in the Houston 
Approach Control airspace and within Houston Class 
B airspace may be subject to removal or modification 
of the speed restriction contained in FAR 91.177a, at 
the discretion of Air Traffic Control (ATC). Houston 


Departure Control will be permitted to assign/authorize F 


speed in excess of 250 knots to departing aircraft 
operating in the Houston Class B airspace using the 
phraseology "No speed limit" or "Increase speed to 


"n 


n ots". 


SECTION C 


Jeppesen Enroute Chart NOTAMs _ 
USA - Navaids 


AMES, IOWA (AMW) desmsnd. LO-27/7C 

ARNOLD, TENN (AYX) VOR decmsnd. RNAV-11/2 

BALLINGER, TEXAS (UBC) NDB may be shutdown. 
LO-11/8C, LO-16/4A 

BENTON RIDGE (Findlay), OHIO (BNR) NDB may be 
shutdown. LO-32/2C, LO-34/2A 

BETHPAGE, NY (BPA) NDB decmsnd, LO-47/11A, 
LO-48/6C, NE COOR-2/3D 

BOYSEN RESERVOIR, WYO (BOY) VORTAC may 
be shutdown. No substitute routes published, 


POE OV him a a a P ypt Oy 


Jeppesen Enroute Chart NOTAMs 
USA Airways - Low Altitude 101-200 


V115 MEA temp 3100 Choo Choo, Ten (GQO) VOR - 
Volunteer (VXV) VOR LO-37/8BC. 

V116 MEA temp 4000 Keeler, Mich (ELX) VOR - 
Nepts Int (ELX R-256) and 10000 Keeler, 
Mich (ELX) VOR Leroy Int (ELX R-084). 

V119 temp NA Bradford, PA (BFD) VOR R-232 - 
Midpoint. LO-45/4D. 

V120 MEA 3700, Sioux Falls, S Dak (FSD) VOR - Frye 
Int (FSD VOR R-256). LO-27/5B 


Figure 10-29. The Chart NOTAMS section of the Jeppesen Airway Manual provides descriptions of navaid, airway, 


and airport NOTAMs that may affect your flight. 


In order to use VOR equipment for navigation 
under IFR, FAR 91.171 requires that it has 
been operationally checked within the preceding 
30 days and found to be within acceptable 
limits. If your airplane’s maintenance record 
indicates a VOR check is needed, you can use 
the information found in the VOR Receiver 


> 
You may pay determine thata a Ei = pa 


equipped aircraft is approved f 
operations by Bi ije mne Flight 


Manual Supplement. 
n a aa "3 


Check section of the A/FD to locate a suitable checkpoint for the test. After completing 
the VOR receiver check, you must enter in the aircraft logbook or other record the date 
the test was done, its location, the bearing error of the receiver, and your signature. 


The national airspace system is in a continual 
state of change. To stay abreast of these 
changes and to review current procedures, 
you should periodically consult the AIM. It 
provides information on items like navigation 
aids, lighting and airport markings, airspace, 
ATC, emergency procedures, safety of flight, 
medical factors, and charts. 


Once you have settled on a route and 
consulted the appropriate publications, you 
can begin putting together your navigation log. 


— 


"E aa in comma © o« 
it is your — on i 
-to make sure that the patie 
-accomplished within the past vom 
the transponder has been eek within the p at 
calendar months. Transponder checks must Ea? 
in aircraft logbooks. There also must be a ee we 
of the VOR test, which includes the date, place, ce, bearing — 
error, and the signature of the person performing the test. 


You should list the routes, courses, distances, checkpoints, and necessary communication 
and navigation information as well as any additional information you feel is important. 
However, the bulk of your flight plan cannot be completed until you have collected 


updated weather information for your route of flight. 
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WEATHER GONSIDERATIONS 

Computers and automated weather systems have enhanced the way weather information 
can be gathered. Although internet and telephone systems have made the acquisition of 
weather data easier and faster, the effectiveness of these systems depends on your knowledge 
of the system you are using and weather data in general. By the time you are ready to 
receive a standard briefing from Flight Service, you should already have some idea about 
the weather hazards along your route of flight and conditions at your destination. 


You should begin gathering weather data several days before your flight in order to obtain 
a general overview of weather patterns. The weather section of your newspaper, the 
weather portion of the TV news, and The Weather Channel are good sources of general 
information. If you want more detailed information and have access to the internet, you can 
select a number of weather sites that provide current weather reports as well as radar and 
satellite pictures of the areas in which you plan to fly. The National Weather Service, the 
National Oceanic and Atmospheric Administration, the University Corporation for 
Atmospheric Research, the National Center for Atmospheric Research, and many other 
internet sites also are available to you for gathering weather information. Weather information 
can also be obtained through other services like AOPA Online and Jeppesen’s JeppFax or 
GoJepp site on CompuServe. 


Additional automated weather briefing sources such as Direct User Access Terminal 
System (DUATS) can be used for specific weather information as well. When using these 
services, make sure you are aware of the information they offer, as well as what they do not. 
For instance, many automated sources do not provide all of the necessary information 
for an instrument or cross-country flight. For 
more information on the data provided by these 
services, refer to the AIM. 


Once you have a general picture of the weather 
along your route of flight, you need to get a standard 
weather briefing from either an FSS or DUATS. 
While it is possible you might get a briefing from 
NWS in certain parts of the country, the NWS does 
not provide NOTAMs, flow control advisories, or 
information on MOAs and MTRs, nor do they 
accept flight plans. As a result, a briefing from an 
FSS is the best way of obtaining current enroute 
and destination weather. 


During preflight weather briefings, you can request any reports or forecasts which are not 
routinely available at your service outlet. This is called request/reply service and is available 
at all FSS and NWS outlets. During the briefing you should use a weather log to record the 
information and analyze it. You want to know if the briefing is consistent with the preliminary 
data collected and whether or not it makes sense. If the briefing follows the general weather 
patterns you have already observed, the forecast weather at your destination may be fairly 
reliable. If the briefing and other general weather data do not coincide, then the weather 
may be different than forecast, and you should gather additional information. 


In order to plan the Omaha to Rochester flight, you might want to begin by getting a general 
picture of the weather along your route of flight. Weather radar and satellite images of the 
region over which you will fly can provide a quick idea of the current factors you should 
pay attention to, as well as what you might expect to find in the forecast. [Figure 10-30] 


Along with the radar and satellite images, you can use a surface analysis chart to see greater 
detail. The surface analysis chart is useful for determining where fronts are located, 
especially relative to your flight. With a front extending northeast along your route of flight, 
the surface analysis chart indicates you will be flying just ahead of the front during the trip. 


a You also want to know how quickly and in what general direction the front is projected to 
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Figure 10-30. Radar and satellite images of the Nebraska, lowa, and Minnesota region indicate a weather system with 


precipitation and cloud cover conditions throughout the area. 


move. A review of the 12-hour surface weather prog chart can give you an idea of what 
the front may do during your flight, indicating where the significant weather will be as 
well as what you should specifically ask for during the standard briefing. [Figure 10-31] 
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Figure 10-31. The surface analysis chart depicts a low pressure system in western Kansas with a stationary front 
running northeast parallel to your route of flight. However, the 12-hour surface prog chart shows the low has moved 
into eastern Nebraska, causing the front to shift slightly. If the front remains stationary, current reported conditions 
may not change much. If the front moves as predicted, however, you will need to pay close attention to the terminal 


forecasts for locations along your route of flight. 
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The picture of the weather along your route of flight should now be starting to take 
shape. However, the radar plots, surface analysis, and surface prog charts only tell part 
of the story. For instance, the radar picture indicates you can expect precipitation 
between Omaha and Rochester, but it may not tell you whether you will be in IFR 
conditions the entire time. In this case, you might review a low-level significant weather 
prog chart to find out where areas of IFR, marginal VFR, and VFR conditions are 
expected to exist. The low-level significant weather prog chart can identify areas of 
forecast IFR and marginal VFR weather, turbulence, and the location of the freezing 
level. [Figure 10-32] 


12 HR IFR, HVE AND LOH | LEVEL SIGNIFICANT WEATHER PROG GEC a rL2so1 b 
A VALID TIÑE = 00002 JON 0328 A S 


tg h- 


Figure 10-32. The 
low-level significant 
weather prog chart for 
the proposed flight 

time between Omaha 
and Rochester 
indicates IFR conditions 
and turbulence above 
12,000 feet. 


For greater simplicity, you may want to reference the weather depiction chart. Although 
it does not provide information on frontal activity or the movement of pressure systems, 
it does provide a clear indication of the ceiling and visibility conditions of reporting 
points along your route. [Figure 10-33] 


Figure 10-33. The weather depiction 
chart shows reporting points along your 
route as generally having IFR or marginal 
VFR conditions. These points roughly 
correspond with the frontal information 
found on the surface analysis chart. 
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Both the low-level significant weather prog and weather depiction charts indicate the 
Omaha to Rochester flight will be conducted primarily under IFR conditions. Since you 
will be flying in visible precipitation, you need to find out where the freezing level is 
along your route. The low-level significant weather prognostic chart can indicate to you 
whether or not to expect icing at your altitude during the trip. [Figure 10-34] 


2 HR ICING AND FREEZING LEVEL PROG ( (SFC - FL2S0) 
: NALID THE - 21002, AN 0827 


LEGEND 


Y - YOT 106 


- WR ICC 


Aas a sei kn Figure 10-34. Based on 

PAAR oe the information from this 

. chart, your route of flight 

lies approximately halfway 
between the 8,000-foot 
and 12,000-foot freezing 
level lines depicted on the 
chart. Since you cannot 
determine exactly where 
the freezing level is for 
your route, check the pilot 
reports for icing conditions 
during your briefing. 


Since the radar returns indicated some heavy precipitation near your route of flight, you 
should check for convective activity in the area as well. The area forecast can provide 
you with much of the information you need to determine where you may find severe 
weather. You can also use it to confirm or amplify information displayed on the graphic 
weather charts. [Figure 10-35] 
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By now you should have a good idea of what the weather will be doing during your flight, 


but you still need to get specific information on the weather at your departure and destination 
airports as well as possible alternates near your flight path. For instance, the weather at 
your point of departure, (Omaha), and along your route (Fort Dodge, Mason City, Rochester) 
is reported as marginal VFR to IFR, which agrees with the weather depiction charts. At your 
estimated time of departure (2000Z), the weather at Omaha is forecast to be 2,500 feet 
overcast with four miles visibility in light rain and mist. This forecast is an important 
consideration because you need to know if it will be possible to return to Omaha should 
mechanical difficulties develop during departure. The forecast weather is well above the 
straight-in and circling minimums for all approaches into Omaha’s Eppley Airfield, which 
means you should be able to return to the airport if necessary. [Figure 10-36] 


TAF 


KOMA 271730Z 271818 15015G24KT 4SM -RA BR OVC 025 
FM 2100 17015G25KT 5SM -RA BR OVC 040 al 
TEMPO 2101 1SM +TSRA 


FM 0100 22012KT P6SM 
FM 0600 28010KT P6SM 
FM 0900 30006KT P6SM 
FM 1500 12010KT P6SM 


BKN 030 


GR BR OVC 008CB 
BKN 025 OVC 040 PROB 40 0105 2SM -SHRA BKN 008 


SCLOSONSELNZ50 
SCIOS Sacer 100 


Figure 10-36. Except for temporary conditions, the Omaha forecast indicates that the ceiling and 


visibility are both expected to imporive after 2100Z. 


You also should check the forecast for Rochester. Remember, if the forecast weather at your 
destination from 1 hour prior to your arrival to 1 hour after your arrival is not expected to 
be 2,000 feet or higher and 3 miles or more, you need to file an alternate. As a result, you 


271910Z 271918 20022G32KT P6SM BKN 035 


FM 0000 19018G25KT 3SM -TSR BR OVC 008CB 
FM 0600 21015KT 1SM -SHRA BR OVC 006 
FM 1500 28016G22KT 5SM BR OVC015 


Figure 10-37. The Rochester forecast during your estimated 
time of arrival (2115Z) calls for visibility to be greater than 6 
miles with a 3,500-foot ceiling. However, beyond that period 
the forecast shows the weather deteriorating. To be safe, 
check the forecasts for predicted conditions at airports in the 
area that may be suitable for diverting to in case the weather 
at Rochester drops below minimums prior to your arrival. 


From previous chapters you know that an 
alternate should have one or more approaches 
and weather that is forecast to be above 
approach minimums. For instance, the forecast 
weather at an alternate at the estimated time of 
arrival must include a ceiling of at least 600 
feet and 2 miles visibility if a precision 
approach is available, or 800 feet and 2 miles 
for nonprecision approaches, in order to be 
filed as an alternate. Of course, should you 
elect to divert to an alternate and fly the 
approach, the landing minimums for the 
approach being flown apply. 


should pay close attention to the forecast 
weather at Rochester as well as airports 
in the area that may be used as alternates. 
The TAF for Rochester (KRST) during 
that time period does not indicate the 
need for an alternate. Since the forecast 
ceiling and visibility are only marginally 
better than the requirement for an 
alternate you would be wise to observe 
the forecasts at airports that may be used 
as alternates if events subsequently prove 
the Rochester forecast to be inaccurate. 
[Figure 10-37] 


By reviewing your navigation charts, graphic weather charts, and radar and satellite images, 
you can determine quickly which airports in the vicinity may be VFR, or at least have 
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better weather conditions than your destination. For instance, the radar images and surface 
analysis charts show VFR conditions to the west of Rochester. By checking the current and 
forecast conditions for airports west of Rochester, you find that Owatonna (KOWA) is above 
IFR minimums and conditions are forecast to improve as the weather system moves east. To 
the west of Owatonna, at Mankato (KMKT), current conditions are VFR and forecast to 
remain that way through the forecast period. If you 
reference the A/FD you also will find that both 
KOWA 271740 171818 17013KT 4SM OVC 018 Owatonna and Mankato have instrument 

FM 2100 17010KT P6SM BKN 020 approaches. As a result, both airports make suitable 

FM 0000 17011KT 5SM BKN 040 alternates should conditions at Rochester preclude 


FM 0400 16008KT SSM SCT 060 i . . 
M eee you from landing there. [Figure 10-38] 


TAF 


KMKT 271750 271818 18008KT P6SM SCT 050 Figure 10-38. The TAFs indicate that the further west you fly from 
FM 0000 18010KT P6SM FEW 100 Rochester, the better the conditions. This corresponds with the 
FM 1000 17010KT P6SM SCT 250 m information gained from the radar and satellite images, as well as 
FM 1400 17006KT P6SM SCT 250 | the surface analysis and 12-hour surface weather prog charts that 
ua indicate the weather system to be moving east. 


D Space Shuttle Landing Minimums 


As an IFR pilot you are required to file an alternate airport if your destination airport’s forecast weather does not meet 
certain requirements. In addition, you cannot fly an approach and land if the weather at the airport is reported as being 
below approach minimums for that particular approach. 


Like you, the space shuttle must have certain minimum weather available in order to land. For instance, at the Kennedy Space 
Center, at least seven weather criteria, including the following, must be met in order for a shuttle to land at the end of a mission. 


Ceiling: 8,000 feet or higher 
Visibility: 5 miles or better 


Winds: Crosswind — 15 knots or less 
Headwind — 25 knots or less 
Tailwind — 15 knots or less 


Rain/Thundershowers: Not allowed within 30 nautical miles of shuttle 


Turbulence: Moderate or less 


With current and forecast weather in hand, your next step is to obtain the forecast winds 
aloft and any available pilot reports for the route of flight. In this case, the winds aloft 
through 12,000 feet for your route are 170° at 
20 knots for the first half of the flight and 200° 
at 20 knots for the second half of the flight. 
Additionally, pilot reports indicate occasional 
light to moderate turbulence from 6,000 to 
10,000 feet between Omaha and Fort Dodge, 
with light rime ice above 10,000 feet. Finally, esti, 
check the NOTAMs through FSS, DUATS, or oe 
JeppView to ensure you will not encounter any 
problems with the airports and navigation aids 
you plan to use. [Figure 10-39] 


PNT 


Figure 10-39. NOTAMs for your flight may be obtained through 
FSS, DUATS, or in the Jeppesen Airway Manual. Be sure to 
check the NOTAMs for airports, navaids, and airways pertinent 
to your flight. 
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ALTITUDE SELECTION 

Before you complete your planning, you must select a cruising altitude. With no significant 
terrain features between Omaha and Rochester, the highest MEA is 4,500 feet. Because 
ATC generally assigns altitudes which correspond with the hemispheric rule, the lowest 
altitude you should request for your easterly flight is 5,000 feet. And, since you are not 
carrying oxygen for this trip, the highest altitude you should request is 11,000 feet. 


Next, consider the effects of winds aloft as well as turbulence and icing reports. From the 
winds and temperatures aloft forecast you know that the winds are from a southerly direction 
at 20 knots through 12,000 feet. Also, pilots have reported turbulence starting at 6,000 feet 
and light rime ice above 10,000 feet. Note that it may be possible to avoid the turbulence 
and stay clear of the ice while enjoying a modest tailwind by choosing to fly at 5,000 feet. 
This altitude also ensures that you are above the MEA and in compliance with ATC’s 
hemispheric rule. However, if you refer back to the significant weather prognostic charts 
you will see that at 5,000 you will probably be in IFR conditions. You may confirm this by 
looking at the current observations and forecast conditions for points along your route of 
flight. [Figure 10-40] 
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Figure 10-40. Fort Dodge is currently reporting 4,200 feet broken while Mason City has a 3,300-foot overcast. In addition 
both locations are forecast to have a 3,000-foot ceiling during your proposed flight. l 
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COMPLETING THE 
NAVIGATION LOG 


With your weather briefing complete, you can now make your go/no-go decision. Your 
decision should be based on the weather reports and forecasts you have gathered in 
addition to your airplane's capabilities. You should also consider your personal limitations 

and level of proficiency. In considering this flight, you can see that it can be conducted 
below the reported turbulence and icing although it may be in IFR conditions while 
enroute. If you have to proceed to an alternate, there are at least two airports within an 
hour’s flight time that are forecast to be above approach minimums or VFR. Based on this 
analysis, you decide the flight is within your capabilities and those of the aircraft. Your 
next step is to complete the navigation log. [Figure 10-41] 

— = i a 


JEPPESEN NAVIGATION LOG 


Number: 34508 
Grearance: RV THEN AS FILED 5,000 


Press the WND button to get heading and groundspeed 
prompts. Then select heading and enter the wind 
direction, wind speed, a course of 024°, and a TAS of 
155 knots at the corresponding prompt. The computer 
will provide you with a groundspeed of 171 knots and a 
magnetic heading of 028° which you should record on 
your flight log. 


Em 


v52 
159 


Next, press the TSD button for time, speed, and 
distance then choose the time function followed by the 
speed/distance function. Enter the groundspeed of 171 
knots from ballflag one and the distance of the leg to be 
flown, in this case 44 miles from the top of climb to 
MADUP Intersection. The computer determines the 
flight time to be 15 minutes, 26 seconds of flight time 
for the leg. 


MASON 
ary 


eee 


ROCHESTER [Ror 
VORTAC 120 


| 43 [o| o7 [am | zo a [nami] cc] 

| ft ft 8S 
j = wea Anaas2a7e E JEPPESEN SANOEASON, INC , 1988, 1693, ALL RIGHTS RESERVED. / 
Press the TSD button again, then select fuel quantity from the list. Enter the flight time of 15 minutes, 26 seconds 
computed for the leg as well as the fuel consumption of 15 gallons per hour found in the POH. The computer calculates a 


remaining for the flight by selecting the calculator function. Enter the 
nce of the leg flown to get the distance remaining. In this case, the 
Subtract the 44 miles of the leg to MADUP Intersection from the total 


Stone focodl 158 miles: remaining The $ sam > procedure may be used to calculate fuel remaining. The calculator 
function also may | silat enro nd fuel used by adding the respective times and fuel consumptions 
Figure 10-41. With the aid of an electronic flight computer like the TechStar Pro, you can quickly compute the information 
needed to complete your flight plan. If you are using a different type of computer, the exact keystrokes and information 


presented may be different. The computations in this figure are for the flight leg beginning at Top of Climb (TOC) and 
ending at MADUP Intersection. 
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The navigation log is a convenient way 
for you to complete your preflight plan- 


A flight computer will aid you in computing ning and organize your flight. It provides 
rt) time, speed, distance, wind, course direction, a concise textual description of your flight 
and groundspeed. See Figure 10-41. and allows you to monitor your progress 


in order to make adjustments if conditions 

should change enroute. For example, if 
you start with 88 gallons of fuel, the fuel remaining should agree with the figures listed 
on the navigation log as you pass each checkpoint. By recording the time off and filling 
in the estimated time of arrival (ETA), actual time enroute (ATE), and actual time of 
arrival (ATA) boxes, you will be quickly alerted to any changes in winds aloft or in your 
airplane’s performance. 


FUEL EXHAUSTION AND PILOT CONFUSION 
From the Files of the NTSB... 

Aircraft: Aronson Falco F8L 

Location: Gainesville, FL 

Injuries: 2 Fatal 


Narrative: 

The pilot received a weather briefing and filed an IFR clearance, then departed VFR. Except for a headwind, the first part of the 
flight was normal. In the vicinity of Macon, Georgia, the pilot requested and received an IFR clearance. Later, he elected to divert 
to the Gainesville Regional Airport and was vectored for an ILS approach. While diverting, he indicated some confusion concerning 
the approach plates. At first, he started using the Gainesville, Georgia plate, then he switched to the correct plate (Gainesville, 
FL). He had difficulty maintaining heading on the ILS and made a 
missed approach 2 miles east of the airport. He admitted having 
problems with the approach, declared a low fuel state and received. 
vectors for another ILS. Again, he had difficulty maintaining heading -< GAINESVILLE, GA 


JEPPESEN 


control. On the second approach, the aircraft was observed to fly aie a 
over the field and the pilot was cleared to land on any runway. = a a 
However, the aircraft crashed on the approach end of Runway 6. 
There was evidence of little movement after impact and very little : GAINESVILLE, FLA 
chordwise scraping of the prop. No fuel was found in the fuel tanks | GAINESVILLE REGL 
or fuel injector lines. i vate —_ ILS Rwy 28 
. toc 111.3 IGNV 
In addition to improper in-flight planning, the NTSB declared that S p Ant Eoy 152" 


poor IFR procedures, inadequate fuel supply, and fuet exhaustion, i Vy Pe 
were causative factors in this accident. Had the pilot been better % 
prepared for a possible diversion to an alternate airport, he may 
have avoided the approach chart confusion and low fuel state that 
ultimately resulted in a fatal accident after missing two approaches. 


a 
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FILING THE FLIGHT PLAN 


After you have completed the navigation log, transfer the appropriate information to 
your IFR flight plan. An important item to include on the IFR flight plan is the aircraft 
equipment code. The code is designated by a letter suffix attached to the aircraft type in 
block 3. The codes and their meanings are found in the Aeronautical Information 
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Manual. In this case, the /A means the aircraft is equipped with DME and a transponder 
with altitude encoding capability. Notice the form also lists a code indicating an airplane 
equipped with GPS (/G). While your Turbo Skylane RG is equipped with GPS, the 
receiver has not been certified for enroute, terminal, and GPS approaches which means 
you should not use /G to list the equipment for your airplane in box 3. [Figure 10-42] 


If a flight has more than one leg at 
different altitudes, the altitude for the 
first leg should be entered in block 7 
of an IFR flight plan. 


Equipment determining the code to be 
entered in block 3 as a suffix to aircraft 
type on the flight plan form include 
DME, transponder, and RNAV. 


U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 
FLIGHT PLAN ca 


2. AIRCRAFT 


PARTURI y 
- VFR IDENTIFICATION See (Z)] ACTUAL (2) ALTITUDE 
x} FR | oaascp 20002 5000 


|_| over _] 


8. ROUTE OF FLIGHT 


OMA4. OMA V158 KMCW V161 KRST 


10 | 10 EST. TIME ENROUTE | TIME ENROUTE } 11. REMARKS 
12. FUEL ON BOARD | 13. ALTERNATE AIRPORT(S) | 14. PILOT'S NAME, ADDRESS. TEL. NO. & AIRCRAFT HOME BASE 15. NUMBER 
HOURS | MINUTES JOHN DOE 402-5551111 ABOARD 
1235 ZENIAWAY OMAHA, NE EPPLEY AIRFIELD 
6 O 17, DESTINATION CONTACT/TELEPHONE (OPTIONAL) 1 
16. COLOR OF AIRCRAFT 
BLUEMHITE 


CIVIL AIRCRAFT PILOTS. FAR Part 91 requires you file an IFR flight plan to operate under instrument flight 
The time entered in block 12 for an IFR flight should be based 
on the total usable fuel quantity on board the aircraft. 


tules in controlled airspace. Failure to file could result in a civil penalty not to exceed $1,000 for each violation 
Figure 10-42. Make sure the flight plan form is filled out accurately before filing with the FSS. 


9. DESTINATION (Name of airport 
and city) 


ROCHESTER (KR 
MI 


(Section 901 of the Federal Aviation Act of 1958, as amended). Filing of a VFR flight plan is recommended as 
a good operating practice. See also Part 99 for requirements concerning DVFR flight plans. 


You should use airport identifiers instead of the airport names to complete blocks 5, 9, 

and 13. Using the airport codes expedites the processing of your flight plan. If you do not 

know the correct code, list the name of the 

airport. For the route in block 8, you should |... prom : poutres 
use identifier codes for VORs, airways, a ight plan form should be 
waypoints, SIDs and STARs. accurately completed with informatio’ . 
needed by Fligh Service to process your 


In block 7 you should list your initial cruising war ji plan. Be sure to Veee gh i 
altitude. If you want to change this altitude equipment code, route, destination w 


during the flight, you will need to direct your eae eet Seo a 0-42. Fa 
request to an ATC controller. Using the i 
poe 
es è 


information from your navigation log you can 
compute the estimated time enroute to the 
point of your first intended landing. You 
should list this time in block 10 of the form. In 
block 12, record the total usable fuel on board 
expressed in hours and minutes. 


Tbe f first intended landing at your 
ti sld be used to compute the 


timated time ‘i ut eaten, 
E T s.e% 
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Remember to file your IFR flight plan at least 
30 minutes prior to the listed departure time. 
This allows sufficient time for the flight plan 
to be processed. [Figure 10-43] 


Figure 10-43. You can file your 
flight plan by telephone or 
DUATS, or through a number of 
flight planning and filing software 
programs that are available. 


an ware aan woes, iret 
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Computerized Flight Planning and Filing 


There are several models of flight planning and filing software available that can make the flight planning process 
easier. For instance, the Mentor FliteMap software allows you to access DUATS through your computer and develop 
a complete flight plan including the winds aloft needed to compute headings and speeds. 


With a few key strokes computer-aided flight planning offers you an 
easy and quick way to compile a comprehensive flight plan. Some 
software allows you to access flexible routing capabilities, and 
select SIDs and STARs. Computerized flight planning also allows 
you to quickly modify your flight plan should conditions change. 

In addition, the software may allow you to file your flight plan 
electronically through DUATS, eliminating a call to your local FSS. 
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CLOSING THE IFR FLIGHT 
PLAN 


The requirement to close your flight plan is established in FAR 91.169. You can cancel 
an IFR flight plan anytime you are operating in VFR conditions below 18,000 feet MSL. 
However, if IFR conditions are again encountered, you must receive an IFR clearance 
before proceeding into those conditions. If your destination airport has an operating 
control tower, your IFR flight plan is automatically closed when you land. 


If you are flying to an airport that does not have an operating control tower, you are 
responsible for closing your own IFR flight plan. You can do this after landing through 
an FSS or by other direct communications with ATC. According to the AIM, you also can 
cancel in VFR conditions while you are still airborne and able to communicate with 
ATC by radio. This is appropriate in cases 
where an FSS is not available and air/ground 


If your destination has IFR conditions and communications with ATC are not possible 
A] there is no control tower or flight service | at low altitudes. This saves you the time of 
station on the field, you must close your cancelling by telephone. It also releases the 

flight plan by radio or by telephone upon landing. airspace to other aircraft. 


SUMMARY CHECKLIST 


/ When you begin the IFR flight planning process, take a preliminary look at factors 
like weather, airplane performance and equipment, potential routes, and your 
instrument proficiency that may prevent you from making the flight. 


/ Availability of preferred IFR routes, aircraft performance considerations, and fuel 
economy will influence route selection. 


y Check for published departure or arrival procedures relevant to your intended 
flight. 


V NOTAMs should be reviewed for items like navaid and lighting outages or runway 
closures that can significantly affect your flight. 


/ Review the A/FD for specific information about departure and arrival airports as 
well as possible alternate airports that are pertinent to your flight. 


/ Begin gathering weather data several days before your flight in order to obtain a 
general overview of weather patterns. 


Y Although weather information may be obtained from numerous sources including 
newspapers, television, and the internet, these sources should not be considered 
suitable alternatives to a flight service station or DUATS standard briefing. 


/ Incase the weather at your intended destination is forecast to have a ceiling less 
than 2,000 feet or visibility less than 3 miles, you need to file an alternate. 


/ A good alternate airport should be far enough away to be unaffected by weather at 
your destination, be equipped with appropriate communications and weather 
reporting capabilities, and have more than one approach. 


/ Once your weather briefing is complete, you can make your go/no-go decision and 
begin planning the flight if conditions are favorable. 


IESS 
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/ The navigation log is a convenient way for you to complete your preflight 
planning, organize your flight, and provide you with a concise textual description 
of your flight. 


Y Before filing your flight plan, ensure you have all of the blocks in the flight plan 
form filled in correctly, including the aircraft special equipment code in block 3. 


v If you are flying to an airport that does not have an operating control tower, you are 
responsible for closing your own IFR flight plan by phone through FSS, or by direct 
communications with ATC. 


KEY TERMS 


IFR Flight Plan NOTAMs 

Overview Go/No-go Decision 
Preferred IFR Route Navigation Log 

Alternate Airports Aircraft Equipment Code 


QUESTIONS 


1. True/False. Factors to consider during your flight overview include airplane 
equipment and your instrument proficiency level. 


2. True/False. One factor that does not influence your route selection is fuel economy. 


3. Select the item that is normally not a factor to consider when choosing an alternate 
airport. 


A. Adequate communications 
B. Weather reporting 
C. Courtesy car 


4. True/False. The Chart NOTAMs section of the Jeppesen Airway Manual only 
provides descriptions of airport NOTAMs that may affect your flight. 


5. True/False. It is not necessary to record the bearing error of the VOR receiver after 
conducting a required VOR receiver check. 


6. What is the best source for obtaining current enroute and destination weather? 

7. In order to file an airport with a nonprecision approach as an alternate, what 
minimum weather requirements must it be forecast to have at your estimated time 
of arrival? 

8. What should your go/no-go decision be based on? 

9. Select the correct information to be recorded in block 3 of the flight plan form. 

A. Departure time 


B. Aircraft type and equipment code 
C. Usable fuel available 


10. How long prior to your departure time should you file your flight plan? 
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PART IV 


As you gain experience on your journey to 
becoming a commercial pilot you may operate 
a variety of complex and high-performance 
airplanes. Chapter 11 will prepare you for the 
advanced systems you will encounter during 
transition to faster, more powerful airplanes. 
Aerodynamics and performance limitations in 
Chapter 12 will help you predict performance, 
control weight and balance, and define overall 
operating limitations for the airplanes you 
fly. Chapter 13 delves into commercial flight 
considerations including emergencies and human 
factors issues such as aeronautical decision 
making and crew resource management principles. 
Chapter 14 prepares you for the commercial pilot 
practical test by offering new insights when 
maneuvering an airplane near its maximum 
performance limits. 
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HIGH PERFORMANCE 
POWERPLANTS 


Over time, aircraft engine manufacturers have improved product safety and efficiency by 
applying new design technology. One of the most significant improvements was a better 
method of delivering fuel to an engine’s cylinders. This became necessary because 
float-type carburetors, although adequate for most lower performance aircraft, could not 
provide the desired performance to justify their use in higher powered aircraft. In order to 
overcome the carburetor’s Degg T a limitations, 
manufacturer’s have utilized fue 3 S 
in nearly all modern, high-powered, reciprocating 
engine aircraft. During your training, you will 
undoubtedly encounter this type of fuel system 
as you progress to flying complex and high perfor- 
mance airplanes. [Figure 11-1] 


Figure 11-1. A complex airplane is one 
that has a retractable landing gear, flaps, 
and a controllable pitch propeller, whereas, 
a high performance airplane is one that has 
an engine of more than 200 horsepower. 
Although fuel injection systems may be 
installed on low performance airplanes, 
they are used primarily in complex or high 
performance designs. 


To appreciate the advantages of a fuel-injected engine, first consider the performance 
limitations associated with the use of a carburetor. As you know, a carburetor is susceptible 
to the formation of venturi icing due to the venturi effect and the fuel’s vaporization. 
If you are not constantly vigilant for the indications of carburetor ice, a partial or 
complete loss of engine power can occur. You also should realize that even though the use 
of carburetor heat can help prevent icing, the 

application of heat, in itself, causes the engine to 


suffer a reduction in power. This is due to the The application of carburetor heat 
enriching effect caused by the warm, less dense P causes an enriching effect on the fuel/air 
air being mixed with the fuel. mixture. This causes a reduction in the 


engine’s ability to create power, causing a decrease 


In another performance consideration, a carburetor in aircraft performance. 


is relatively inefficient because of its method of 

operation. For example, in a carburetor, air flowing 

through a venturi causes liquid fuel to be drawn out of a discharge nozzle. This action 
tends to be inefficient because the fuel does not readily vaporize when it is discharged into 
the air stream. Instead, the fuel breaks up into irregular sized droplets that are then carried 
through the intake manifold to the engine’s cylinders. Since these droplets vary in size, it 
is difficult for the fuel to be proportionally distributed to each cylinder, causing some 
cylinders to receive a mixture that is richer than necessary for ideal combustion. An 
excessively rich mixture may cause spark plug fouling and a rough running engine at low 
r.p.m., while at higher speeds, peak engine performance cannot be achieved. In addition, 


HIGH PERFORMANCE POWERPLANTS SECTION A 


since the fuel and intake air flow through the intake manifold, the fuel/air charge is warmed 
by heat from the engine. As a result, the fuel/air mixture’s density is decreased, causing 
fewer fuel and air molecules to be available for combustion. Ultimately, an additional 
amount of engine power is lost. 


With greater efficiency and reliability, a fuel injection system significantly enhances engine 
performance and safety. Each of the problems associated with the use of a carburetor is 
greatly reduced, or eliminated, resulting in numerous benefits to the aircraft. Among these, 
a fuel injection system allows an engine to have a lower fuel consumption per unit of 
horsepower, which means that the aircraft will typically have an increased range, 
endurance, and fuel economy, compared to an aircraft equipped with a carbureted engine of 
the same horsepower. Also, an injected engine operates more smoothly, cooler, and with less 
weight per horsepower than a carbureted engine. However, among the most significant 
benefits, a fuel-injected engine increases safety of flight by eliminating the problems 
associated with carburetor ice. The manner in which an injection system achieves these 
benefits can be recognized with an understanding of its design and operation. 


FUEL INJECTION SYSTEMS 


Although a variety of fuel injection models are in use today, each essentially performs the 
same functions. Simply stated, these functions include pressurizing the fuel, 
proportionally metering it for a specific amount of engine power, and then atomizing the 
metered fuel directly into each cylinder intake port. By using this method of distribution, 
each cylinder receives a specific quantity of fuel, thereby providing a better-controlled 
mixture ratio. Additional benefits are also gained by the subsequent cooling of the fuel/air 
mixture as a result of the vaporization process. These benefits include a higher density 
fuel/air charge for combustion, as well as improved cylinder cooling. Further, since the 
cylinders operate at such high temperatures, there is little chance for ice to form in the 
induction system from fuel vaporization. [Figure 11-2] 


Figure 11-2. Most aircraft fuel injection systems use a continuous- 
flow design with components similar to these. By causing fuel to 
continuously flow through an injection nozzle, the fuel is more 
thoroughly vaporized with the intake air. Eventually, this mixture is 
drawn into the cylinder during the intake stroke of the piston. 


FUEL MANIFOLD VALVE 
The manifold valve distributes 
fuel evenly to all cylinders and 
provides a fuel shutoff when the 
mixture is placed in the idle- 
cutoff position. 


FUEL DISCHARGE NOZZLES ye 


The nozzles mix air with the fuel 
delivered from the manifold 
valve and inject it into the 
cylinder intake ports. This action ae. 
atomizes the fuel, making it 

easier for the fuel to vaporize in 
the engine’s cylinders. There is 
one nozzle per cylinder. 


— FUEL FLOW INDICATOR 
Displays the fuel flow rate 
being delivered to the engine 
in gallons or pounds of fuel 
per hour. 


/ 


FUEL TANK 


FUEL CONTROL UNIT —— 

This unit is installed in the ¢ 
engine’s air intake system and 
incorporates a throttle plate to 
vary the engine’s intake airflow. 
In addition, a mixture control 


AUXILIARY FUEL PUMP 

An electrically driven pump is 
used to deliver fuel to the 
injection system before the 
engine is started. Additionally, 


valve operates in unison with ENGINE-DRIVEN FUEL PUMP this pump may be used to 
the throttle plate. Manual This pump provides fuel at a purge the system of vapors or 
mixture adjustments can be INTAKE AIR regulated Pressure to the fuel as an auxiliary source of fuel 
made with the mixture control to FLOW control unit when the engine is pressure in the event the 
change the fuel flow in running. Its output varies with engine-driven fuel pump fails. 


; engine speed. 
response to varying air 


densities. 
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The main component in the fuel injection system is the fuel control unit. Here, the fuel 
is metered to the engine in response to the amount of throttle opening. In order to 
achieve an ideal mixture ratio, the unit also includes a mixture control, which enables 
you to vary the amount of fuel flowing to the engine. As with a carburetor system, one 
purpose of this control is to allow you to lean the mixture to compensate for the lower 
air density encountered at higher altitudes. If the fuel flow remains constant in conjunction 
with an altitude increase, the resulting 
enriching of the fuel/air ratio may cause a 
reduction in power output, rough operation, 
and possible spark plug fouling. 


` A basic purpose for adjusting the mixture 
control, while at altitude, is to decrease the 
fuel flow to the engine in order to compen- 


Other injection system components may sate for the enriching effect of the fuel/air mixture. 


also have special operating considerations. Mixture enriching will occur if the fuel flow remains 
For example, the auxiliary fuel pump, or constant as the aircraft climbs into less dense air. If not 
auxiliary boost pump, as it is sometimes corrected, spark plug fouling may occur at altitude. 


called, is controlled by a two-position switch 

on many airplanes. Although the labeling of 

the control switch differs between manufacturers, typically a high or low output rate can 
be selected. High output is primarily used in the event the engine-driven pump fails, 
whereas low output may be used for fuel vapor elimination or engine priming. Although 
intended as a safety feature, many operational problems and accidents have been 
attributed to inappropriate use of the auxiliary fuel pump. For example, with some 
injection systems, if high output is selected on the auxiliary fuel pump while the engine- 
driven pump is also operating, the fuel pressure developed by both pumps may cause an 
excessively rich mixture. This may cause the engine to lose performance, or to quit 
operating altogether. To preclude these problems, you should thoroughly review the 
auxiliary fuel pump operating 
procedures for any fuel-injected 
aircraft that you fly. [Figure 11-3] 


Figure 11-3. The fuel injection 
system’s auxiliary fuel pump is 
often controlled by a switch that 
allows for the selection of various 
output rates. For example, the - The engine-driven fuel pump may 
switch pictured here produces a also produce special operating 
high output when the emergency considerations. For instance, in 
side of the switch is placed in some designs, the pump may 


the HI position. Low output is dali m N 
3 eliver fuel to th 
MI SM AUX provided when the start portion A. te Eran 
system’s metering unit than the 


MAST as sie 
sis FUEL Pt of the switch is selected to the i ae , 
ON position. engine needs. In this situation, the 


excess fuel may be recirculated 
back to a reservoir tank. The tank is often located in a low part of the aircraft which may 
cause water and sediment to be trapped. If you neglect to drain a sample of fuel during 
your preflight inspection, contaminants may build up and cause the engine to fail. For 
this reason, you should become familiar with any special precautions regarding your 
aircraft’s fuel system. 


Another fuel injection operating consideration involves the cooling effect of the 
vaporizing fuel. Since the fuel vaporizes at the engine’s cylinders, the cylinders’ operating 
temperatures are reduced. Although this is usually a desirable effect, some manufacturers 
warn that if too much fuel is suddenly injected into a hot cylinder, shock cooling may 
occur. Shock cooling has been suspected of causing cylinder cracks, due to the uneven 
contraction of metal. To help reduce the chances of engine damage, you should perform 
power reductions and mixture enriching in slow or gradual increments. 


As you fly more fuel-injected aircraft, you may be curious why some manufacturers 
use pounds per hour instead of gallons per hour as the unit of measure on the fuel flow 
indicator. You should understand that by using pounds per hour, you can obtain a more 
accurate indication of the fuel’s performance. This is because the density of the fuel 
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varies with temperature, becoming less dense 
as the temperature increases. Ultimately, 
as fuel temperature increases, fewer 
molecules are available to produce 
power. By measuring weight instead 
of volume, you are provided with 
a better indication of the amount 
io\> of energy available from the fuel. 
ay, [Figure 11-4] 


FUEL FLOW ryg- 


Technically, the fuel flow indicator 


Figure 11-4. The fuel flow indicator displays the rate of fuel con- © measures fuel pressure. However, 
sumption, in gallons per hour, and may include fuel pressure indi- since a fuel injection system contains 
cations measured in pounds per square inch. In addition, some calibrated orifices, fuel flow rates can 


indicators may include range marks to allow for mixture adjust- 
ments in order to obtain the best economy or best power mixture 
for various power settings. 


be extrapolated from the pressure 
measurements. In this manner, some 
aircraft manufacturers provide both 
fuel flow and pressure values on the indicator display. When using the fuel flow 
indicator, you should be aware of a malfunction that may occur if a fuel nozzle becomes 
obstructed by dirt or other foreign debris. With a blocked nozzle, the injection system’s 
pressure will rise, causing the indicator to show a higher-than-normal fuel flow value. In 
response, you may be tempted to lean the mixture further in order to obtain the desired 
flow rate. This action may create an excessively lean mixture, which could cause 
substantial engine damage or a complete loss of power. To help you identify the 
malfunction, additional instruments are usually provided to aid you in monitoring the 
engine’s performance. These instruments will be discussed later in this section. 


OPERATING PROCEDURES 


The operating procedures for fuel injection systems vary somewhat from those used with 
carbureted engines. Although injected engines have a reputation for being temperamental 
and difficult to operate, most problems are a result of not following the manufacturer’s 
recommended procedures. The following discussion covers procedures used with 
various models of injected engines. However, keep in mind that these are only general 
guidelines. You should always refer to the pilot’s operating handbook to determine the 
correct procedures for the specific aircraft you are flying. 


STARTING 

Because of the manner in which engine priming is accomplished, starting a fuel-injected 
engine is probably one of the more difficult procedures for most new pilots. Priming is 
usually accomplished with the electric, auxiliary fuel pump. By operating the pump, 
priming fuel is delivered through the injection system directly into the intake ports of 
each cylinder. This not only provides a combustible mixture for starting, but also purges 
any vapors, or air pockets, from the injection system. If not eliminated, fuel vapors may 
prevent the injection system from functioning properly. Most new pilots have difficulty 
developing the proper techniques for using these pumps. For example, if the pump is 
operated for an extended period of time with fuel flowing through the injection system, 
the engine may become flooded. On the other hand, by operating the pump for an 
insufficient length of time, a lean condition may result. Either condition can prevent the 
engine from starting. 


Another area of difficulty involves developing the proper techniques for manipulating 
the engine controls during starting. Although injected engines are equipped with 
conventional throttle and mixture control levers, control operation during starting can 
be significantly different from carbureted engines. However, after a checkout with a 
qualified flight instructor, coupled with some operational experience, these procedures 


will become routine. 
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NORMAL STARTS 

A normal starting technique can be used when mild to warm ambient temperatures exist, 
and the engine is cool. With these conditions, the engine should only require a small 
amount of priming. Normally, each aircraft manufacturer prescribes a sequence of events 
to follow, as detailed in the starting checklist. Although the use of a checklist is 
essential, you should conduct a complete review of the start checklist and then set it 
aside in order to make it easier to manipulate the engine controls. [Figure 11-5] 


To prime the engine, slowly 
advance the throttle until the 
specified fuel flow is indicated. 
Once primed, turn the auxiliary 
fuel pump switch off and retard 
the throttle. 


Figure 11-5. A typical start- 
ing sequence for a Teledyne 
Continental engine may be 
illustrated by following the 
yellow call-out boxes. These 
procedures vary somewhat 
from a start procedure for an 
aircraft equipped with a 
Textron Lycoming engine, as 
detailed by following the blue 
call-out boxes. 


After clearing the propeller area, | 
engage the starter while again, 
slowly advancing the throttle. 
Once started, adjust the throttle 
‘to obtain the manufacturers 
specified r.p.m.. 


Before starting, the mixture 
i contro! should be moved to the 
full-rich position. 


switch is selected to the low 
output or start position. 


The throttie should initially be 
set in the closed position. 


To prime the engine, turn the 
auxiliary fuel pump on and 
move the mixture control 
toward the full-rich position. 


| The throttle should be 
| moved to approximately 
1/2 inch forward of idle. 


w 


WÀRNING 


With the mixture control in the | 
idle cut-off position, engage 
the starter. When the engine | 
starts, advance the mixture 
control to the full-rich position. 


Before starting, the mixture 
AÀ control should be moved to the 
| E idle cut-off position. 


| Monitor the fuel flow indicator to 
| determine when the engine has 
been properly primed and then 
move the mixture control back 
to the idle cut-off position. 


AN 
HoT STARTS 


A fuel-injected engine tends to be difficult to restart right after shut down, particularly if 
it has been running for an extended period of time. This is a result of the engine’s 
tendency to vapor lock, which is caused by the fuel vaporizing in the injection system’s 
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lines and components. Without the flow of cooling air through the engine cowling, the 
engine’s heat causes the fuel in the injection system to boil. The boiling fuel produces 
vapor that blocks fuel flow in the injection system. In order to restart the engine, it is 
necessary for you to use the auxiliary fuel pump long enough to purge fuel vapors, but 
not so long as to create a flooded condition. Again, as with normal starting, the engine 
controls and auxiliary fuel pump must be used correctly to obtain the proper fuel flow. 


Once a hot engine is started, it is still possible that it will run erratically, or quit, if the 
auxiliary fuel pump is turned off. Again, this is caused by fuel system vapors that tend 
to continue forming until sufficient cooling air flows through the engine compartment. 
To eliminate the problem, most manufacturers require that you turn the auxiliary fuel 
pump back on to the low output position. You should continue operating the pump until 
the engine has been adequately cooled, and all fuel vapors have been purged from the 
injection system. 


FLOODED STARTS 

If too much fuel is allowed to flow to the engine 
during the priming procedure, engine flooding may 
occur. If the engine shows no sign of starting after 
about 30 seconds of cranking, disengage the starter to 
prevent it from overheating. 
While allowing the starter 
motor to cool, you should 
determine if the engine is 
flooded by checking for the 
presence of fuel running out 
onto the ground from the 
intake manifold drain line. If 
you observe fuel, you should 
attempt a flooded engine start 
procedure. [Figure 11-6] 


Also, to prevent further fuel 
flow, the auxiliary fuel pump 
should be turned off. 


Once you begin cranking the engine, it 
may take some extra time to purge all of 
the excess fuel. Upon starting, you 
should immediately retard the throttle and 
advance the mixture control. 


Figure 11-6. The objective of a flooded 
engine start procedure is to progressively 
purge the excess fuel from the 
engine until the proper fuel/air ratio is 
obtained. The procedures used with 
most fuel-injected models are essen- 
tially the same as those used with 
carbureted engines. © 


To prevent any more fuel from 
flowing to the engine, place 
the mixture control in the idle 
cut-off position. 


To purge the engine of excess fuel, 
the throttle should be advanced to 
the full-open position. 


AFTER START PROCEDURES 

After start procedures for fuel-injected engines are similar to those used with carbureted 
engines. Ground operations are generally conducted with the mixture in the full-rich 
position, except when operating from high elevation airports. At these airports, the 
mixture should be leaned in accordance with the manufacturer’s recommendations. For 
takeoff and initial climb, the mixture control may be kept in the full-rich position, or it 
may be leaned slightly to an appropriate range mark on the fuel flow indicator. In either 
case, the fuel flow should be greater than what is normally required in cruise flight in 
order to provide additional fuel for engine cooling. In cruise flight, the leaning procedure 
is essentially the same as that for a carbureted engine, except most high performance 
aircraft include additional instruments to help you determine the optimum fuel/air 
mixture. With an understanding of the factors that affect your engine’s operation, 
you can learn how to properly use these instruments to obtain the best performance 
from your aircraft. 
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Among the instruments used to monitor performance of fuel-injected engines are the 
exhaust gas temperature and cylinder head temperature gauges. Although these gauges 
may be found on many carbureted airplanes, they are almost always found on 
fuel-injected airplanes. They provide you with a means to adjust the fuel/air mixture to 
optimize engine efficiency, reliability, and safety. 


EXHAUST GAS TEMPERATURE GAUGE 

The exhaust gas temperature gauge (EGT), as the name implies, measures the temperature 
of the exhaust gases leaving the combustion chamber. Generally speaking, the exhaust 
temperature increases as you lean the mixture until the optimum fuel/air ratio is 
achieved. Further leaning causes the temperature to begin decreasing. By combining the 
high reliability of a fuel injection system with the accuracy of an EGT gauge, you can 
perform precise adjustments to the fuel/air 

mixture. With proper control positioning, you 


will obtain the engine’s best performance. The best power mixture is the fuel/air ratio 
Rd that produces the most power for a given 
Although there are various designs and features throttle setting. 


for EGT systems, most use one or more probes, 

called thermocouples, to generate a voltage in 

conjunction with different temperatures. In response to the voltage, an indicator needle 
is deflected a proportionate amount. Since the actual temperature of an ideal mixture 
varies with the fuel and air densities, you only need to know when the mixture 
adjustment produces its highest, or peak temperature. To detect peak temperature, you 
progressively lean the mixture until the moment the EGT needle stops rising. This 
setting is called the best economy mixture, and produces the greatest fuel economy for 
the given power setting. However, most manufacturers recommend using a best power 
mixture at higher engine power settings. A best power mixture will produce the greatest 
amount of power for a particular setting while generating less heat. To obtain the setting, 
manufacturers recommend that you enrichen the mixture to produce a cooler EGT read- 
ing, ranging from 25°F to 125°F on the rich side of peak. [Figure 11-7] 


Temperature 
Indicator 


Peak Temperature Temperature Indicator 
Reference Mark Adjustment Knob 


Reference 
Needle 


EGT 
25°F /DIV. 


EF 


- Reference Needle Cylinder 

ð Adjustment Knob 5) Selector / 
Switch 

Figure 11-7. To keep track of the peak temperature indication,some EGT gauges are equipped 

with an adjustable reference needle {A). Once the peak EGT value is established, the reference 

needle is repositioned to align with the temperature indicator. On other EGT gauges, the tem- 


perature indicator can be repositioned to align with a prominent mark such as an asterisk ( B). 
Multi-probe EGT indicators (C) allow you to select individual cylinders to monitor. 


CYLINDER HEAD TEMPERATURE GAUGE 

A cylinder head temperature gauge (CHT)is usually installed in most complex or high 
performance aircraft and, in fact, is a required instrument if the aircraft is equipped 
with cowl flaps. The instrument works similarly to an EGT gauge, using one or more 
thermocouple probes for temperature sensing. The display is marked with colored range 
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markings and numerical temperature values to denote the engine’s normal and extreme 
temperature parameters. Although its operating range is fairly large, a typical procedure 
is to maintain a relatively constant reading toward the upper two thirds of the scale. To 
obtain the desired temperature, you can vary the mixture, adjust the flight attitude of the 
aircraft or, if installed, vary the cow] flap position to change cooling airflow. [Figure 11-8] 


N 
200 460 


TeaTS 
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Figure 11-8. Regardless of the EGT value, the 
CHT must be maintained below the maximum limit. 
In some situations, you may not be able to lean to 
best power on the EGT, but will need to operate 
the engine with a significantly richer mixture. 


EGT Indication 


CHT Indication 


D Modern Engine Monitoring 


Exhaust gas and cylinder head temperature indicating systems have 


been used in aircraft for many years to aid pilots with monitoring P got 
engine performance. However, the manner in which these instruments display = 3 Ee R 
information does not promote a rapid and easy evaluation of the engine’s MONIFOR 


overall condition. To make engine monitoring easier, various aircraft equipment 
manufacturers have designed new engine monitoring instruments that graphically 
portray each cylinders EGT and CHT indications. A typical graphic monitoring 
display is shown here. 


By viewing illuminated vertical bar graphs, you can determine the EGT for each 
cylinder. In addition, each graph incorporates a second indication for CHT by 
omitting a light bar at the corresponding CHT value. In this manner, both EGT and 
CHT indications can be easily compared between each of the cylinders. During 
engine leaning, the bar graph of the leanest cylinder will begin to flash when it 
reaches a peak value. By making the final mixture adjustments using the hottest 
cylinder indications, you can verify that all of the cylinders are receiving an adequate fuel/air supply. An additional benefit of a 
graphic engine monitoring system can be realized by observing the remaining cylinders’ EGT indications. If these are significantly 
cooler, you can determine that a malfunction exists in the cylinder with the highest EGT. In this situation, you can specify to main- 
tenance personnel which cylinder to check and repair, significantly reducing the aircrafts down-time and maintenance costs. 


ABNORMAL COMBUSTION 


The normal combustion process is accomplished when the spark plugs ignite the fuel/air 
mixture to produce smooth and even burning. For normal combustion, the mixture must 
be in the correct proportion, and the engine’s ignition event must occur at the proper 
time. If either of these conditions are not met, abnormal combustion may result. This can 
be in the form of detonation or preignition, which, if not corrected, can cause substantial 
engine damage or a total loss of power. In order to preclude these conditions, you should 
be familiar with the causes, and the techniques used to avoid the onset. 


Detonation is the uncontrolled, explosive combustion of fuel, which produces excessive 
pressures and temperatures inside the engine’s combustion chambers. Detonation is 
usually characterized by high cylinder head temperature and is most likely to occur 
when operating at high power settings. Some common operational causes of detonation 
include using a lower fuel grade than that specified by the aircraft manufacturer, 
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operating with extremely high manifold pressures in conjunction with low r.p.m., and 
operating the engine at high power settings with an excessively lean mixture. In 
addition, detonation can be augmented by extended ground operations or steep climbs, 


where cylinder cooling is reduced. Although you 
can employ operating procedures that help 
prevent its onset, various mechanical problems 
may also produce detonation. For this reason, you 
should be constantly vigilant for its indications 
and, if detonation does occur, be ready to take 
immediate actions to eliminate it. [Figure 11-9] 


Figure 11-9. Detonation creates high cylinder temperatures and 
pressures that can melt or crack the piston and other cylinder 
parts. This piston was damaged by detonation, attributed to a 
restricted flow of fuel through the cylinder’s fuel injection nozzle. 


You can help prevent detonation by following some basic guidelines during the various 

phases of ground and flight operations. While on the ground, keep the cowl flaps in the 
full-open position to provide the maximum airflow through the cowling. During takeoff 

and initial climb, the onset of detonation can be reduced by using an enriched fuel 
mixture, as well as using a shallower climb angle to increase cylinder cooling. Extended, 

high power, steep climbs should be avoided. 

Finally, you should develop a habit of a m B P s 
periodically monitoring the engine instru- _ Detonation may occur at high-power settings 
ments to verify the proper operation of the _ when the unburned fuel mixture charge in d 
engine and, also, to assist you in selecting _ the cylinders is subjected to instantaneous 


9 D 2 salam a 
the optimum engine control settings. combustion, instead of burning progressively and evenly. 
This condition can be caused by a mixture set too lean 
Preignition can occur when the fuel/air forthe power setting. — — — 


mixture ignites prior to the engine’s normal < 


ignition event. Premature burning is usually 

caused by a residual hot spot in the combustion chamber, often created by a small 
carbon deposit on a spark plug, a cracked spark plug insulator, or other damage in the 
cylinder that causes a part to heat sufficiently to ignite the fuel/air charge. Preignition 
causes the engine to lose power, and 

produces high operating temperatures. As — “ m pi 


with detonation, preignition may also cause | The uncontrolled firing of the fuel/air chee 
severe engine damage because the expand- 


in advance of normal ignition is known as 
ing gases exert excessive pressure on the 


pre-ignition. 
piston while still on its compression stroke. . B 


Preignition and detonation often occur simultaneously and one may cause the other. 
Since either condition causes high engine temperatures accompanied by a decrease in 
engine performance, it is often difficult to distinguish between the two. Operating the 
engine within its proper temperature, pressure, and r.p.m. ranges reduces the chance of 
experiencing detonation or preignition. 


INDUCTION ICING 


Since internal icing of a fuel injection system is less likely to occur than in a carbureted 
system, there is no need to incorporate an induction air preheater like those used for 
carburetor heat. However, blockage can form over the induction air filter or intake air 
scoop of either system, as a result of impact ice. Impact icing forms when the aircraft 
is operated in visible moisture with the air temperature at or below freezing. Upon 
encountering these conditions, super-cooled water droplets are impacted, causing them 
to freeze on the forward facing components of the airframe. As the intake becomes 
blocked, the engine’s performance will begin to decrease due to the restricted airflow. 
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To maintain engine operation, most manufacturers 
incorporate an alternate air source to provide warm, 
unfiltered intake air to the engine. [Figure 11-10] 


Figure 11-10. Depending on the aircraft design, an alternate 
air source may be automatic or manual. A manual system 
allows you to perform a preflight run up check by observing a 
slight r.p.m. drop when the alternate air source is selected. 


To Throttle 
A Valve 


Engine Compartment 


TURBOCHARGING : 
SYSTEMS w 


The maximum amount of horsepower that an engine can develop is determined by 
engine r.p.m. and the density of intake air. In order to increase an engine’s horsepower, 
manufacturers have developed systems that compress the intake air to increase its 
density. Of these systems, turbocharging has become the most widely used on modern, 
reciprocating-engine aircraft. With a turbocharger system, intake air is compressed before it 
enters the combustion chamber, enabling an engine to obtain much higher manifold 
pressure readings than with a nonturbocharged, normally aspirated engine. It also allows 
you to maintain sea level manifold pressure up to a much higher altitude. Ultimately, a 
turbocharged aircraft allows you to fly at higher altitudes where you can take advantage 
of higher true airspeeds and the increased ability to circumnavigate adverse weather. 


TURBOCHARGING PRINCIPLES 


Turbocharging is a highly innovative and efficient system, designed to increase an engine’s 
performance. Although its components are manufactured to close tolerances, the system’s 
theory of operation is fairly simple to understand. A reciprocating engine produces power 
by drawing in air and mixing it with fuel to produce a combustible mixture. When ignited, 
the mixture burns, causing it to release energy. If you consider a constant fuel/air ratio, the 
amount of power the engine develops will be directly proportional to the mass of air 
pumped through it. This means that the engine’s horsepower is determined by the density 
of its intake air. A commonly used method for evaluating a high performance aircraft’s 
power is to measure the amount of air pressure in 
the intake manifold. This is referred to as 
the manifold absolute pressure (MAP). A 
manifold pressure gauge measures the MAP 
in the intake system in inches of mercury (in. 
Hg.), and often includes colored range marks 
to indicate the engine’s operating limits. 


On a standard day at sea level with the engine 
shut down, the manifold pressure gauge will 
indicate the ambient absolute air pressure of 29.92 in. Hg. Because 
atmospheric pressure decreases approximately 1 in. Hg. per 1,000 
feet of altitude increase, the manifold pressure gauge will indicate 
approximately 24.92 in. Hg. while sitting at an airport that is 5,000 
feet above sea level with standard day conditions. [Figure 11-11] 


Manifold Pressure 
Gauge 


Figure 11-11. When the engine is operated at idle, the throttle plate restricts the 
intake airflow as the pistons are trying to draw in the manifold air. This action causes 
a partial vacuum to form, causing the MAP to decrease. Conversely, when the throttle 
is fully open, the restriction to airflow is decreased, causing the MAP to increase. On 
a normally aspirated engine, the maximum MAP at full power will be a value that is 
slightly less than the ambient atmospheric pressure. 
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As a normally aspirated aircraft climbs, it eventually reaches an altitude where the MAP is 
insufficient for further climb. A term that is used to define an altitude limit of an 
aircraft is called the service ceiling. The service ceiling is the maximum density altitude 
where the best rate of climb airspeed will produce a 100 foot per minute climb at gross 
weight while in a clean configuration with maximum continuous power. It is directly 
affected by the engine’s ability to produce power. If the induction air entering the engine 
is pressurized, or boosted, the aircraft’s service ceiling can be increased. This can be 
accomplished by utilizing a turbocharger. 


A turbocharger is an engine accessory that is comprised of two main components — a 
compressor section, and a turbine section. The compressor section houses an impeller that 
turns at a high rate of speed. As induction air is drawn across the impeller blades, the 
impeller accelerates the air, allowing a large volume of air to be drawn into the compressor 
housing. The impeller’s action subsequently produces high pressure, high density air, which 
is delivered to the engine. To turn the impeller, the engine’s exhaust gases are used to drive 
a turbine wheel that is mounted on the opposite end of the impeller’s drive shaft. By 
directing different amounts of exhaust gases 
to flow over the turbine, more energy can be 
extracted, causing the impeller to deliver more 
compressed air to the engine. [Figure 11-12] 


Figure 11-12. A turbocharger increases the pressure of the 
engine’s induction air. This allows the engine to develop sea 
level or greater horsepower, permitting the aircraft to operate 
at a much higher service ceiling. 
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Another device, called a waste gate, is used to vary 
the mass of exhaust gas flowing into the turbine. A 
waste gate is essentially an adjustable butterfly 
valve that is installed in the exhaust system. When 
closed, most of the exhaust gases from the engine are forced to flow through the turbine. 
When open, the exhaust gases are allowed to bypass the turbine by flowing directly out 
through the engine’s exhaust pipe. [Figure 11-13] 
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TURBOCHARGER THROTTLE BODY INTAKE MANIFOLD 
The turbocharger incorporates a This regulates airflow Pressurized air from the 
turbine, which is driven by exhaust to the engine. 


turbocharger is supplied to 


gases, and a compressor that the cylinders. 


pressurizes the incoming air. E 


EXHAUST MANIFOLD 
Exhaust gas is ducted through 
the exhaust manifold and is 
used to turn the turbine which 
drives the compressor. 


, aN i AIR INTAKE 
E WASTE GATE Intake air is ducted to 

EXHAUST GAS This controls the amount of exhaust through the turbine. the turbocharger where 

DISCHARGE Waste gate position is actuated by engine oil pressure. it is compressed. 


Figure 11-13. An aircraft engine's efficiency is increased by incorporating a turbocharging system into its design. This is 
possible because the turbocharger derives its power from the expelled exhaust gases. In this manner, the engine bene- 
fits by recapturing some of the exhaust’s heat energy that is lost ona normally aspirated engine. 


On some newer high performance aircraft, an intercooler may be installed to further increase 
the turbocharging system’s efficiency. This component cools the intake air, which, due to its 
compression in the turbocharger, becomes hot. An intercooler functions in the same way as 
a radiator, allowing cool outside air to flow across a core of tubes containing the intake air. 


The resulting cooler intake air has a higher density which permits the engine to be operated 
with higher power settings. 
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SYSTEM OPERATION 


On most modern turbocharged engines, the position of the waste gate is governed by a 
pressure-sensing control mechanism coupled to an actuator. Directing engine oil into or 
away from this actuator moves the waste gate position. On these systems, the actuator is 
automatically positioned to produce the desired MAP simply by changing the position 
of the throttle control. On the other hand, some turbocharging system designs use a 
separate manual control to position the waste gate. With manual control, you must 
closely monitor the manifold pressure gauge to determine when the desired MAP has 
been achieved. Manual systems are often found on aircraft that have been modified 
with aftermarket turbocharging systems. These systems require special operating 
considerations. For example, if the waste gate is left closed after descending from a 
high altitude, it is possible to produce a manifold pressure that exceeds the engine’s 
limitations. This condition is referred to as an overboost, and it may produce severe 
detonation as a result of the leaning effect due to the increased air density. 


Keep in mind that although an automatic waste gate system is less likely to experience 
an overboost condition, it can still occur. For example, if you try to apply takeoff power 
while the engine oil temperature is below its normal operating range, the cold oil may 
not flow out of the waste gate actuator quickly enough to prevent an overboost. 
To help prevent overboosting, you should advance 
the throttle cautiously to prevent exceeding the 
maximum manifold pressure limits. [Figure 11-14] 


Figure 11-14. Some airplanes equipped with automatic waste gate 
control systems incorporate annunciator lights that warn you when an 
overboost condition exists. If the annuciator illuminates, you should 
immediately retard the throttle to an allowable manifold pressure. 


There are a number of other system limitations that you should be aware of when flying 
an aircraft with a turbocharger. For instance, a turbocharger turbine and impeller 
can operate at rotational speeds in excess of 80,000 r.p.m. while at extremely high 
temperatures. In order to achieve high rotational speed, the turbine and impeller shaft 
is supported by bearings within a housing. While operating, these bearings must 
be constantly supplied with engine oil to reduce the frictional forces and high 
temperatures. To obtain adequate lubrication, the oil temperature should be in the 
normal operating range before high throttle settings are applied. In addition, you should 
allow the turbocharger to cool and the turbine to slow down before shutting the engine 
down. Otherwise, the oil remaining in the bearing housing will boil, causing hard carbon 
deposits to form on the bearings and shaft. These deposits rapidly deteriorate the 
turbocharger’s efficiency and service life. 


To help monitor the temperature of the turbine, many installations include a turbine 
inlet temperature (TIT) gauge. If you use an EGT to adjust the fuel/air mixture, you 
should verify that the TIT remains within the manufacturer’s specified limits. In fact, 
some manufacturers may require leaning to be accomplished with the TIT instead of the 


EGT gauge. 
HIGH ALTITUDE PERFORMANCE 


As an aircraft equipped with a turbocharging system climbs, the waste gate is gradually 
closed to maintain the maximum allowable manifold pressure. At some point though, 
the waste gate will be fully closed and with further increases in altitude, the manifold 
pressure will begin to decrease. This altitude is specified by the aircraft manufacturer 
and is referred to as the aircraft’s critical altitude. When evaluating the performance of 
the turbocharging system, if the manifold pressure begins decreasing before the specified 
critical altitude, the engine and turbocharging system should be inspected by a qualified 
maintenance technician to verify the system’s proper operation. 
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When you are flying a turbocharged aircraft above its critical altitude, you should be 
aware of certain operational characteristics. One of these occurs as a result of changes to 
the aircraft’s airspeed which causes the manifold pressure to vary. This characteristic is 
caused by the ram air effect that is produced in the induction system. As a result, the 
turbocharger receives a greater density of air, thereby causing it to produce a higher 
manifold pressure. In order for you to obtain a desired manifold pressure, you need to 
take this effect into account with any airspeed changes. For example, when you level 
off after a climb, set the manifold pressure to a value that is slightly less than desired, 
allowing it to increase as the aircraft accelerates to cruise speed. 


CONSTANT-SPEED 
PROPELLERS 


A constant-speed propeller is a system that you will usually find on either a complex or 
high performance airplane. The propeller’s design allows you to control the angle of its 
blades in order to obtain the maximum amount of thrust for the engine’s brake horse- 
power (BHP). This is an important factor when considering engine efficiency because a 
large amount of the engine’s developed power 
can be lost when it is converted into thrust. In 
fact, a measure of a propeller’s efficiency can be 
expressed as the ratio of the propeller’s thrust 
horsepower to engine BHP. When comparing 
efficiency, a constant-speed propeller design is 
far better than a fixed-pitch propeller’s because 
the constant-speed system allows you to obtain the optimum combination of engine 
r.p.m. and manifold pressure for the type of operation you are conducting. This means 
you can obtain the best overall performance by achieving a high rate of climb, increasing 
cruise airspeed, or extending endurance by reducing fuel consumption. In addition, a 
constant-speed propeller can automatically change its blade angle so the load on the 

engine can be varied, thereby increasing the 
Pm -~ engine’s efficiency, reliability, and 
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Propeller efficiency is the ratio of thrust 
horsepower to brake horsepower. Hi 


service life. [Figure 11-15] 


Figure 11-15. From 
an external view, a 
constant-speed propeller 
can be easily distinguished 
from a fixed-pitch propeller by 
observing the blade root. 


Fixed-Pitch Propeller Constant-Speed Propeller 


PROPELLER PRINCIPLES 


A propeller blade is an airfoil with its plane of rotation approximately perpendicular to 
the airplane’s longitudinal axis. As a result, the blades of a conventional tractor (pulling) 
propeller cause an aerodynamic lifting force to be directed forward, thereby producing 
thrust. With this in mind, you can apply the same terminology to define a propeller 
blade cross section as you would for an airplane wing. In other words, a propeller blade 
has a chord, camber, and angle of attack. In addition, if either the angle of attack or 
rotational velocity of the blade increases, its thrust production also will increase. On 
the other hand, a propeller experiences an aerodynamic force that is not generally 
considered with an airplane wing. Dynamic airflow from the airplane’s forward velocity 
causes a shift in the relative wind in relation to the propeller blade. This action causes 
the blade’s angle of attack to vary with different aircraft airspeeds. [Figure 11-16] 
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STATIONARY FORWARD MOTION 
— Plane of 
Chord —~ Aie Chord Line 
Line otation (Blade Face) 
Figure 11-16. The angle of attack 
of a propeller is determined by the 
blade’s chord line and the direction 
of the relative wind. The illustration 
on the left shows the effect of relative 
\ airflow over a rotating propeller on a 
Plane of stationary airplane. The illustration 
| Propeller—~ \ => on the right shows the effects on the 
| Rotation | angle of attack caused by the shifting 
Relative —~ } \ J of the relative wind due to the forward 
Wind A airspeed of the airplane. 
i Relative Wind 
Angle of Forward Angle of 
Attack Airspeed Attack 


Angle of attack is defined as the acute angle formed by the chord line of an airfoil and 
the relative wind; the relative wind is generally considered as the airflow that is parallel 
and opposite to the path of the airfoil. To understand how the angle of attack is affected 
by the airplane’s forward speed, first consider the aerodynamic forces that occur with a 
propeller that is operating on a stationary airplane in undisturbed air. As the propeller 
turns, the relative wind flows over the blade in a direction parallel to the blade’s plane 
of rotation. This action will cause the propeller’s pitch angle to be essentially the same 
as the blade angle. However, the terms, blade angle and pitch angle, are not the same. For 
clarification, a blade angle is formed by the chord line, or blade face, and the plane of the 
propeller’s rotation. On the other hand, the pitch angle is formed by the chord line of the 
propeller and the relative wind. Stated another way, the pitch angle can be thought of as 
the blade’s angle of attack. As forward speed increases, dynamic airflow is generated and 
enters the propeller’s plane of rotation, resulting in an angular shift of the propeller’s 
relative wind. Consequently, the pitch of the propeller changes even though the 
propeller’s blade angle remains constant. In addition, the amount that the relative wind 
shifts will vary depending on the forward speed of the airplane. As the speed increases, 
the blade’s pitch, or angle of attack, will decrease, resulting in a reduction in the amount 
of thrust produced by the blade. [Figure 11-17] 


EFFECTIVE PITCH ANGLE — 
the actual distance a propeller blade moves 
through the airmass with each revolution. The 
effective pitch is less than the geometric pitch 
because of losses in propeller efficiency 


PROPELLER BLADE SLIP — 
the difference between the geometric 
and effective pitch angles 


Figure 11-17. A propeller’s 
geometric pitch can be varied 

by changing the blade angle in 
relation to the propellers plane 
of rotation. When the geometric 
pitch (blade angle) increases, 
the effective pitch also increases. 
However, the effective pitch of a 
propeller also changes with other 
factors such as the forward speed 
of the airplane or the propeller 
r.p.m. Although a propeller may 
have a fixed-pitch design, its 
effective pitch may vary while 

the geometric pitch (blade angle) 
remains unchanged. 


GEOMETRIC PITCH ANGLE — 
the distance a propeller blade would move in one revolution through a solid 
substance. One way to visualize this is to imagine the propeller moving along 
a spring with the coils pitched at the same angle as the propeller blade 
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In the case of an airplane flying at a cruising airspeed, the blade pitch decreases as a 
result of the airplane’s forward speed. However, if you are able to increase the blade 
angle, you can increase thrust by increasing the blade’s angle of attack. Conversely, 


during a climb, the airplane’s forward velocity 
generally is less, resulting in an increased 
blade angle of attack. If the propeller’s blade 
angle is fixed, the engine will sustain an 
increased load, causing the engine r.p.m. to 
decrease. In response, the propeller’s rotational 
speed will also decrease, resulting in less 
thrust being developed by the propeller due to the loss of some airflow over the blades. 
In order to obtain a high propeller efficiency during a climb, the blade angle should be 
decreased. For these reasons, fixed-pitch propellers are often designed to produce the 
greatest efficiency for either climbing or cruising. Unfortunately, however, a fixed-pitch 
propeller produces its optimum efficiency only at one particular r.p.m. and airspeed. In 
this case, the design is simply an attempt to achieve the maximum performance for a 
specific type of flight operation anticipated for the aircraft. 


A fixed-pitch propeller is designed fore 
efficiency only at a given combination of 
_ airspeed and r.p.m. 


Q-Tipped Designs for Quieter Times 


Propeller designs vary significantly on different types of aircraft. One type that will probably get your immediate atten- 
tion is the Q-tip design. These propellers are manufactured by Hartzell Propeller, Inc. for installation on many different 
models of airplanes. With this type of propeller, the tip of each blade is bent back 90 degrees to help reduce noise. When they first 
see a Q-tip, many pilots wonder how and where the propeller strike occurred. However, it is easy enough to distinguish a Q-tip 
from propeller damage because of the tip’s uniform blending with the rest of the blade. 


Q-tips were originally designed for use on multi-engine airplanes to increase the 
distance of the blade tips from the fuselage. By bending the last inch of each 
blade backward, the cabin interior noise level was reduced while the propeller’s 
production of thrust remained relatively unaffected. However, since the Q-tip’s 
original development in 1978, some single-engine airplanes have been modified 
with the design. In these situations, the Q-tip usually replaces a larger diameter 
propeller. With a smaller diameter, the airflow speed at the blade tip is decreased, 
resulting in less propeller tip noise. In addition to being quieter, the Q-tip’s shorter 
blade length increases the blade-to-ground clearance. With a greater clearance, 
the blades tend to have less erosion and other damage caused by ground debris. 


Other propeller models are being manufactured that increase efficiency while 
also reducing noise. One of the challenges of design engineers is to develop a 
propeller with a large enough diameter to produce the thrust necessary for the 
airplane’s design while also limiting its diameter to reduce blade tip speed. Tip 
speed is an important factor to consider because 
as the airflow over the tip approaches the speed of 
sound, shock waves are produced. Shock waves 
can cause substantial losses in propeller efficiency 
and also produce significant noise levels. 
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Another relevant factor involves the different airflow velocities encountered along the 
blade’s length. For example, even though a propeller’s blade root and tip revolve at the 
same rate, the tip will travel through the airmass at a much faster speed. If the propeller 
blade angle is uniform along its length, the 
angle of attack at the blade tip will be greater 
than at the root. To distribute the thrust more 
evenly across the blade, the geometric pitch, (twisting) along a propeller blade is that it 
or blade angle, is decreased toward the tip. By permits a relatively const nt angle of attack 
twisting the blade, the most efficient angle of along its length in cruising flight. bad - 
attack for the entire blade length is maintained n 
relatively constant. 


The reason for variations in ANN: 7 i 


CONSTANT-SPEED PROPELLER 
OPERATION 


From the previous discussion of propeller principles, you can see that an ideal design 
allows the blade angle to be controlled while the engine is operating. Although there 
have been many types of variable-pitch propeller systems, the constant-speed propeller 
is the most widely used on modern, high performance aircraft. The main advantage of 
a constant-speed propeller is that it converts a high percentage of the engine’s power 
into thrust over a wide range of r.p.m. and airspeed combinations. In addition, once you 
have selected certain r.p.m. settings for the propeller, a device called a governor can 
automatically adjust the blade angle to maintain the selected r.p.m. For example, during 
cruise flight, an increase in airspeed or reduction in propeller load will cause the 
blade angle to increase, thereby maintaining the selected r.p.m. On the other hand, a 
reduction in airspeed or increase in propeller load will cause the propeller blade angle 
to decrease. [Figure 11-18] 
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“Fixed-Pitch 7 ici 
ixed-Pite cee Figure 11-18. The efficiency of a 


an fixed-pitch propeller increases 

i with pitch angle until the optimum 
angle of attack is reached. Then, 
the efficiency of the propeller 
decreases rapidly. In this figure, 
the shaded area represents the 
range of operation for a constant- 
speed propeller. By varying the 
blade angle, a constant-speed 
propeller can maintain a high 
degree of efficiency over a wide 
range of operating conditions. 


The range of possible blade angles for a constant-speed propeller is called the propeller’s 
governing range and is defined by the limits of the blade’s travel between high and low 
blade angle pitch stops. As long as the propeller blade angle is within the governing 
range and not against either pitch stop, a constant engine r.p.m. will be maintained. 
However, once the propeller blade reaches its pitch-stop limit, the engine r.p.m. will 
increase or decrease, as appropriate, with changes in airspeed and propeller load. For 
example, once you have selected a specific r.p.m., if the airplane’s speed decreases 
enough, the propeller blades will reduce pitch until they contact their low-pitch stops. 
When these stops are reached, any further reduction in airspeed will cause the engine’s 
r.p.m. to decrease. This action is similar to what you would encounter if a fixed-pitch 
propeller were installed. Conversely, when an airplane accelerates, such as in a dive, a 
a eS 


ADVANCED SYSTEMS 


CHAPTER 11 


constant-speed propeller’s blade angle will 
increase to maintain the selected r.p.m. 
until the high-pitch stop is reached. Once 
this occurs, the engine’s r.p.m. will begin 
increasing, [Figure 11-19] 


Low Pitch 
High R.P.M. 


Hydraulic Force 
Aerodynamic Force 


Figure 11-19. The governor senses engine 
speed and delivers high pressure oil to a piston High Pitch 
located inside the propeller hub. Piston move- Low RPM. 
ment causes the pitch-change mechanism to 

alter the angle of the propeller blades. On most single-engine aircraft propellers, aerodynamic forces tend to 
move the blades to the low pitch, high r.p.m. position, while hydraulic pressure provides an opposing force 
that moves the blades to a high pitch, low r.p.m. position. 


ENMIAONMENTAL IMPACT ANP PROPELLER NOISE 


Aircraft noise has become a significant issue at airports surrounded by highly populated residential developments as 
æ well as over National Parks, Wildlife Refuges, Wilderness Areas, and major tourist attractions. In an effort to maintain 
a good neighbor policy, you should be alert to these noise sensitive areas and operate your aircraft in a manner that helps to 
reduce its environmental impact. For example, many local airport authorities around the United States have developed noise 
abatement procedures that should be adhered to within 

manufacturer and operational safety limits. In combination 

with these procedures, you can further reduce your 

aircrafts environmental impact by following some basic 

operating procedures to reduce noise emissions. 


From noise research studies, it has been determined that 
many propeller-driven airplanes produce a ground noise 
level as high as 88 decibels (dB) when 
overflying at 1,000 feet AGL. In comparison, 
if a person is subjected to noise levels in the 
range of 85 dB, hearing damage can occur. 
Considering this fact, you can realize that an 
overflying airplane can cause significant 
discomfort to a person on the ground. To 
reduce noise levels, you should avoid low 
altitude operations whenever possible. However, if low altitude flight is necessary, an alternative method to reduce noise 
emission is to decrease the r.p.m. of the propeller. For instance, after departing a noise-restricted airport, you should make an 
attempt to decrease the r.p.m. of the propeller as quickly as safety permits. In most cases, even a reduction of as little as 100 
r.p.m. can make a significant improvement in quieting the airplane. 


POWER CONTROLS 


On airplanes that are equipped with a constant-speed propeller, engine power is 
controlled by the throttle and indicated on the manifold pressure gauge. The propeller’s 
blade angle, on the other hand, is controlled by a propeller control and the resulting 
change in engine r.p.m., caused by a change in blade angle, is indicated on the tachometer. 
By providing you with a means of controlling both engine power output and propeller 
blade angle, the most efficient setting combinations are maintained for a variety of flight 
conditions. For example, during takeoff, you want the engine to develop its maximum 
power. Therefore, the throttle and propeller control should be positioned full forward so 
the engine can turn at its maximum r.p.m. while also developing the maximum amount 
of thrust horsepower. On the other hand, to help establish the airplane in a climb after 
takeoff, the throttle and propeller controls can be retarded in order to achieve more 
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economical fuel consumption. In addition, by retarding the propeller control, the blade 
pitch will increase, thereby producing more thrust with a resultant increase in airspeed. 
When leveling the aircraft at a particular 
altitude, the throttle and propeller controls 
can be further reduced to decrease the fuel 
consumption and increase thrust. 


The order and manner in which the engine 
and propeller controls are operated are 
important considerations. With a normally 
aspirated engine, if the MAP is too high for a 
corresponding engine r.p.m., the internal 
pressures within the cylinder can exceed critical limits. This causes the engine to 
overheat, which can lead to detonation. To help prevent excessive pressures, before you 
decrease the engine’s r.p.m. with the propeller control, you should first verify that the 
manifold pressure is within allowable limits. If not, the throttle should be retarded 
before the propeller control. For example, to establish a climb after takeoff, the throttle 
should first be retarded to establish the climb manifold pressure. Once adjusted, the 
propeller control can be reduced to obtain a lower r.p.m. Conversely, when you are 
increasing the throttle for high power, you should first verify that the engine’s r.p.m. is 
high enough to permit the increased manifold pressure. This means that before the 
throttle can be fully advanced, the propeller control should be positioned full forward, 
to the low pitch, high r.p.m. position. For 
example, the propeller control should be full 
forward before landing so you can apply full 
throttle without causing engine damage in 
case a go-around is initiated. 


As an additional consideration, you should 
avoid rapid throttle movement when making 
engine power adjustments. This is because 
harmonic balance weights are often installed 
on the engine’s crankshaft. These weights are 
designed to position themselves by the inertia forces generated during crankshaft 
rotation to effectively absorb and dampen crankshaft vibration. If the throttle is abruptly 
moved, the balance weights may be shifted away from the optimum position, causing 
the crankshaft to receive a large amount of 
vibrational stress. This condition is referred to 
as detuning because of the balance weights’ 
association with harmonic vibrations. In 
severe cases, rapid throttle movements can 
produce such significant detuning stresses 
that the crankshaft fails. 


SUMMARY CHECKLIST 


/ A fuel injection system increases engine efficiency by lowering its fuel consumption 
per unit of horsepower as compared to a carbureted engine. It also promotes safety 
by reducing the risk of induction system icing. 


/ Most operating difficulties of fuel-injected engines are a result of not following the 
manufacturer’s recommended procedures. 


/ Vapor lock problems, associated with fuel-injected engines, are minimized by the 
proper use of the auxiliary fuel pump. 


SECTION A 


me p a a = =e fon 


mS 


fi j CHAPTER 11 ADVANCED SYSTEMS 


J Preignition and detonation are the result of abnormal ignition and combustion. 
Frequency and severity of these conditions can be greatly reduced by using the 
correct fuel/air mixture and by monitoring the engine instruments to maintain the 
proper engine operating temperatures. 


/ EGT and CHT gauges provide you with a reliable and accurate method for adjust- 
ing the fuel/air mixture in order to obtain optimum engine performance. 


/ Fuel injection systems have an alternate air source that provides unfiltered, heated 
intake air to the engine in the event the main air source is obstructed by impact ice. 


/ A turbocharger system produces increased intake air density. This allows the 
engine to develop more power and also provides a much higher service ceiling. 


V Care must be exercised when operating an aircraft with a turbocharger system to 
prevent overboosting the engine. This requires slow throttle adjustments, and, with 
automatic systems, full throttle should not be applied until the engine’s oil tem- 
perature is within normal limits. 


V By allowing an extended idling time before shutting down an engine equipped 
with a turbocharger, you help increase the useful life and efficiency of the tur- 
bocharger. 


J The critical altitude is the maximum altitude where the turbocharger waste gate is 
fully closed and the maximum allowable MAP is being maintained. With further 
increases in altitude, MAP will begin to decrease. 


y Aconstant-speed propeller is the most efficient propeller system, commonly used 
on complex and high performance aircraft. 


vV Blade angle changes can be accomplished by the pilot but are also controlled by a 
governor on a constant-speed propeller. 


Y Before increasing MAP or reducing r.p.m. on an aircraft that is equipped with a 
constant-speed propeller, you should verify that the resulting MAP will not cause 
engine damage. 


y To increase power on an engine equipped with a constant-speed propeller, first 
increase the engine r.p.m. by advancing the propeller control and then advance the 
throttle to increase MAP. To decrease power, first decrease the MAP by retarding 
the throttle and then decrease the engine r.p.m. by retarding the propeller control. 


KEY TERMS 


Fuel Injection System Best Power Mixture 

Auxiliary Fuel Pump Cylinder Head Temperature Gauge 
(CHT) 

Fuel Flow Indicator 
Detonation 

Vapor Lock 
Preignition 

Exhaust Gas Temperature Gauge 

(EGT) Impact Ice 

Best Economy Mixture Alternate Air Source 
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Turbocharging Constant-Speed Propeller 


Manifold Absolute Pressure (MAP) Blade Angle 
Manifold Pressure Gauge Pitch Angle 
Service Ceiling Governing Range 
Overboost Propeller Control 


Critical Altitude 


QUESTIONS 


1. Where is fuel injected into an engine that is equipped with a continuous flow fuel 
injection system? 


2. In most fuel-injected systems, if the engine-driven fuel pump fails, what should be 
accomplished to prevent total engine failure? 


3. Why is a fuel flow indicator that measures flow rates in pounds per hour considered 
to be better than one that reads in gallons per hour? 


4. True/False. When performing a normal start on any engine that is equipped with a 
fuel injection system, you should leave the mixture control in the full-rich position 
while operating the starter motor. 


5. True/False. The best power mixture is obtained when the EGT is at its peak value, 
and is the condition that allows the engine to develop its maximum power for a 
given throttle setting. 


6. What is the component that varies the flow of exhaust gases into the turbine of a 
turbocharger? 


7. Where is a constant-speed propeller’s effective pitch angle measured? 


A. Between the relative wind and the chord line of the propeller blade 
B. Between the airplane’s longitudinal axis and the chord line of the propeller 


blade 
C. Between the propeller blade’s rotational path and the blade chord line 


8. True/False. A constant-speed propeller that experiences a higher engine load while 
operating in its governing range will automatically vary its blade angles to a lower 
pitch. 


9. Why is the propeller control placed in the full forward position before landing an 
aircraft equipped with a constant-speed propeller? 


10. True/False. To decrease power on an engine equipped with a constant-speed 
propeller, you should first reduce the engine’s r.p.m. by retarding the propeller 
control and then reduce the MAP by retarding the throttle. 
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Many airplanes used in private and commercial service have increased high-altitude 
performance capabilities which permit higher cruising speeds and allow you to avoid 
many adverse weather situations. However, at high altitudes, hazardous physiological 
conditions are likely to be encountered unless the airplane is equipped with additional 
advanced systems such as an oxygen or pressurization system. When these systems are 
available and functioning properly, you and your passengers will enjoy a safer and more 
comfortable flight environment. In addition to oxygen and pressurization systems, ice 
control systems are installed on many airplanes to further increase flight safety in the 
event you encounter meteorological conditions that are conducive to structural icing. Ice 


control systems increase time and options for maneuvering the aircraft out of hazardous 
icing conditions. 


OXYGEN SYSTEMS 


Oxygen systems for aviation use are available in three basic configurations; continuous 
flow, diluter demand, and pressure demand. As the name implies, a continuous-flow 
oxygen system provides continuous delivery of oxygen to the user. Because of its 
cost and simplicity, it is primarily installed on reciprocating-engine airplanes, but also 
is installed for passenger use in turboprop or jet engine aircraft. For flight crewmembers 
of turboprop and jet-engine aircraft, a diluter-demand or pressure-demand oxygen 
system is used. These systems increase the duration of the oxygen supply by providing 
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SERVICE VALVE 
A service valve often is located 
outside the aircraft to allow 
easier servicing of remote 
mounted storage cylinders. 


CYLINDER REGULATOR 
The cylinder regulator reduces 
the pressure of the oxygen before 
it flows to the distribution outlets. 


DISTRIBUTION OUTLETS 
Outlets are located near each 
seat to allow convenient access 
for plugging in oxygen masks. 


| Storage cylinders are often 
installed in remote locations 
of the aircraft such as the 
nose compartment or aft 
fuselage to keep from using 
baggage compartment or 
cabin space. 


OXYGEN CONTROL 
| Most aircraft have an oxygen | 
| control that allows you to turn ~ 
` the storage cylinder on or off 

| during flight. j- 


PRESSURE GAUGE 
A cylinder pressure gauge is 
typically mounted in a location 
to allow monitoring of the 
system capacity while in flight. 


Figure 11-20. Most aviation oxygen systems contain the same basic components as those shown here. By 
equipping an aircraft with a built-in oxygen system, you and your passengers are provided with convenient 
access to supplemental breathing equipment. 


oxygen flow only when inhaling, and incorporate advanced design oxygen masks 
and regulators that permit flight at higher altitudes than when using a continuous-flow 
system. [Figure 11-20] 


CONTINUOUS FLOW 

Continuous-flow systems provide adequate respiration up to 25,000 feet and are 
available in three styles: constant flow, adjustable flow, and altitude compensated. 
Constant-flow systems are used on many reciprocating-engine airplanes to provide 
continuous oxygen delivery at a constant-flow rate. However, at lower altitude, the 
constant flow of oxygen causes an excessive amount of supply usage. To increase 
the duration of the oxygen supply, manufacturers developed the adjustable-flow system 
to provide compensated oxygen delivery in conjunction with varying altitudes and 
oxygen supply pressures. For proper operation, the system requires that you manually 
adjust a regulator valve for different altitudes, or changes in supply pressure. An 
altitude-compensated system is a further improvement of the adjustable-flow design. 
The system uses a barometric control regulator that automatically adjusts the rate of 
oxygen flow in response to atmospheric and oxygen supply pressures. With its increased 
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Figure 11-21. With most 
pes of adjustable-flov 
“ygen systems, you 
turn a regulator control 
valve until your aircraft 
flight altitude registers 
on a gauge. 


Oxygen 


ie a sm 


Connection 


ease of use and supply duration, the altitude-compensated system has become one of the 
most popular systems used in modern aircraft. [Figure 11-21] 


Besides built-in designs, many continuous-flow oxygen systems are available in portable 
units. You can buy or rent these in the event your aircraft is not equipped with a built-in 
system and you are planning a flight at high altitude. However, you also can use 
a portable unit in combination with a built-in system to increase the duration of the 
oxygen supply. Another consideration might be to use a portable unit for passengers 
with respiration problems, which may require a higher oxygen flow rate than that 
required for the rest of the occupants. [Figure 11-22] 


Storage Cylinder 
“eel Pressure Gauge $ Cylinder Regulator 
4 “= and Control Valve 
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Mask i 


similar operating procedures. 
æ Oxygen Storage 
| Cylinder 


CONTINUOUS-FLOW MASKS 

The most common oxygen mask used with the continuous-flow system is an oronasal 
rebreather design. Oronasal simply means that the face mask covers both the nose and 
mouth, while rebreather refers to the fact that oxygen is diluted with a portion of exhaled 
air, and is then re-inhaled, By re-inhaling a diluted mixture, the duration of the oxygen 
supply is extended. [Figure 11-23] 
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Figure 11-22. Portable continuous-flow oxygen systems use 
the same basic components as built-in systems, resulting in 
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Rebreather Bag 


With adjustable-flow or altitude-compensated regulators, the amount of oxygen that 
flows into the rebreather bag is determined by the flow rate established by the regulator 
and the amount of atmospheric pressure surrounding the bag. At low altitude, the 
rebreather bag only partially inflates with oxygen because the oxygen flow rate is 
reduced and the atmospheric pressure surrounding the bag is relatively high. Upon 
exhaling, a large percentage of exhaled air enters the bag to combine with the oxygen. 
When the bag inflates fully, any additional exhaled air is diverted out the face mask 
through small holes or a check valve. In a similar fashion, if the bag completely deflates 
when you inhale, cabin air is allowed into the face mask through the small holes or 
another check valve. As the atmospheric pressure 
decreases with a gain in altitude, the bag inflates 
with a higher percentage of oxygen. Eventually, an 
altitude is reached where the bag completely 
inflates with oxygen, causing all exhaled air to be 
diverted out the mask, leaving pure oxygen for 
inhalation. [Figure 11-24] 


gen flow stops, the indicator will change to red. 


Upon activation of a continuous-flow system, 
oxygen travels to the distribution outlet where a 
spring-loaded valve stops the flow until a mask is 
connected. Once connected, the valve unseats, 
allowing oxygen to be dispensed to the mask. Since 
it is critical for the pilot to receive an ample flow of 
oxygen to maintain maximum mental and physical capabilities, flow restrictors are used 
to vary the rate of oxygen delivery between the pilot and passengers. A typical flow 
restrictor for a pilot provides 120 liters per hour (l.p.h.) of oxygen flow, while the 
passengers receive 90 l.p.h. Depending on the manufacturer, the flow restrictors may be 
installed inside the distribution outlet, or located in the mask connector. When installed 


Figure 11-23. An 
oronasa! rebreather 
oxygen mask us 
rebreather bag that is 
attached to the face 
mask and fills with a 
ratio of oxygen and 
exhaled air for dilution. 
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Figure 11-24. To determine if oxygen is being delivered to the 

mask of a continuous-flow oxygen system, most manufacturers 
provide a flow indicator in the delivery hose to the mask. When 
oxygen is flowing, the color of the indicator will be green. If oxy- 
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in the mask connectors, each distribution outlet provides the same rate of oxygen flow. 
An advantage to this design is that you can increase the amount of oxygen flow to the 
passengers by providing them with a mask designed for pilot use. However, make sure 
you account for the increased flow rate when you determine the duration of your oxygen 
supply. [Figure 11-25] 


Figure 11-25. When you are using an oxygen system equipped with outlets designated for pilot or passenger use, the 
pilot outlet is usually identified in a manner similar to the one shown on the left. When a mask connector contains a flow 
restrictor, identify the proper mask by looking for a color code on or near the connector assembly, as shown on the right. 
The pilot’s mask is red while passenger masks are yellow or gold. 


Most oxygen masks use fittings that make connecting a mask to an outlet an easy task. 
You simply push the connector into the outlet and give it a slight turn clockwise. 
Although the procedure is easy, remember that passengers often will not be familiar 
with the task. Before conducting a high-altitude flight, you should allow each of your 
passengers to connect their mask to see how it is done. As an added consideration, turn 
the oxygen system on to let them try a few sample breaths. A couple of minutes spent 
instructing the passengers while on the ground, can help prevent distractions during 
flight. You also should explain to your passengers that smoking is not permitted while 
oxygen is in use. Although oxygen itself is not flammable, it causes a tremendous 
acceleration in the combustion rate of otherwise slow burning articles. 


DILUTER DEMAND AND PRESSURE 
DEMAND 


The components of diluter-demand and pressure-demand oxygen systems are 
essentially the same as those used with continuous-flow systems. Exceptions include 
a different style oxygen mask, and the replacement of the distribution outlet with a 
special regulator unit. The style of mask used with either of these systems is a quick- 
donning design, which simply means the mask can be put on rapidly. When compared 
to an oronasal rebreather mask, a quick-donning mask allows a tighter seal around your 
nose and mouth, which improves oxygen delivery when you are flying at high altitude. 
The mask also does not use a rebreather bag for oxygen dilution. Instead, a valve, located 
in the regulator unit, opens to allow cabin air into the mask to mix with oxygen when 
you are flying at an altitude that permits a diluted oxygen supply. As you climb, the 
duration and amount that the valve opens progressively decreases until above 28,000 
feet, where the valve remains closed to provide 100% oxygen for inhalation. When 
supplying undiluted oxygen flow, the diluter-demand system is capable of supporting 
respiration up to 40,000 feet. At altitudes above 40,000 feet, even breathing 100% 
oxygen is not enough to provide adequate respiration because the atmospheric pressure 
is too low to support proper oxygen saturation into the bloodstream. For flight above 
40,000 feet, the pressure-demand system is used to provide positive pressure oxygen, 


ee which is forced into your lungs when you inhale. Because the oxygen is delivered at a 


IT’S IN THE CARDS 


As the pilot in command of an airplane, you are responsible for the safety and comfort of your passengers. One 
requirement of FAR Part 91 is that you must brief your passengers on the use of their safety belts and, if equipped, 
shoulder harnesses, and advise them to fasten them before takeoff or landing. However, there are many occasions that the 
passengers you fly with have little experience with other important aspects of your aircraft and the flight environment. As a 
courtesy, and to increase flight safety, you should take time to provide your passengers with a comprehensive preflight briefing. In 
addition, you also may want to consider providing your passengers with a briefing card similar to the one shown here. 


Briefing cards often can be purchased from the manufacturer of your aircraft or, as an option, you may want to make one of your 
own design. This can be especially beneficial if your aircraft is equipped with amenities that the manufacturer does not cover in 
their briefing card design. If you decide to make your own, consider the 
information that commercial operators provide to their passengers. Some 
of these items include the following. 


e if smoking is not allowed in your aircraft, you may want to include a no 
smoking insignia. Otherwise, if smoking is allowed, provide information 
regarding when and where your passengers can smoke in the aircraft. 


e Illustrate and discuss the location and means of opening the passenger 
door and emergency exits. 


e Provide information on the location of survival and emergency 
equipment including fire extinguishers and flotation devices, if applicable. 


e if the flight will be conducted at high altitude, provide illustrations and 
instructions on the normal and emergency use of oxygen equipment. 


e lf your passengers have portable electronic devices such as cellular 
telephones, hand-held video games, or laptop computers, discuss the 
restrictions that apply regarding the use of these items during flight. 


Other items that you may want to consider will vary with your aircraft. For example, if reclining passenger seats are installed, you 
should include information that explains how the seats are adjusted and when it is permissible to use the reclined position. You 
may even want to include some basic information on how to cope with certain physiological conditions such as sinus and ear 
blockages, air sickness, and anxiety. By taking a few minutes to discuss briefing card information with your passengers, you will 
help relieve anxiety that they may have with regard to the flight. 


positive pressure, you need to receive special training to develop proper respiration 
techniques before using this system. [Figure 11-26] 


Figure 11-26. A quick-donning oxygen mask, 
like the one shown here, is primarily used in 
pressurized aircraft since it can be put on and 
begin delivering oxygen within 5 seconds, in 
case the cabin air pressure rapidly decreases. 


The regulator unit of a diluter-demand or 
pressure-demand oxygen system also uses a 
diaphragm-operated demand valve, which 
opens by the slight suction created during 
inhalation. When the demand valve is open, 
oxygen is allowed to flow into the mask. Once 
you begin to exhale, the valve closes, shutting 
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off the flow of oxygen. The regulator unit also incorporates control switches that allow 
you to activate the oxygen system and to select different operating modes. One switch 
allows you to turn the dilution valve off to provide 100% oxygen each time you inhale, 
regardless of altitude. This feature might be used if you feel that the normal dilution 
mode is not providing an adequate supply of oxygen. Another switch allows you to 
select a continuous flow of oxygen for emergency purposes. For example, if smoke or 
fumes develop in the cabin, activation of the switch will provide 100% oxygen flow to 
help prevent hazardous contaminates from entering the mask. [Figure 11-2 zl 


OXYGEN REGULATOR 


PRESSURE DEMAND 


Figure 11-27. A pressure-demand regulator, 
similar to the one shown here, includes a test 
switch which allows you to check the operation 
of the system before flight. To perform the 
check, breath into the oxygen mask while 


FLOW SUPPLY holding the switch in the test position. A flow 
PRESS indicator flashes each time you inhale when 
100 the system is functioning properly. You can 
*EMERGENC OXYGEN ON | aiso monitor the flow indicator during normal 
= operation to determine that oxygen is being 
NORMAL si 


delivered to the mask. 


i SUPPLY | 


MP test wi NORMAL orr i 


MASK OXYGEN 


An O, Hose For The Nose? 


A cannula oxygen breathing device, such as the one shown here, may 
look awkward and uncomfortable, but these devices are gaining popularity 
with many pilots. With a cannula, oxygen is delivered through a hose that is equipped 
with two stems that are inserted slightly into your nostrils. Although the thought of 
putting anything in your nose may seem offensive, most pilots have found that the 
device is considerably more comfortable than an oronasai style oxygen mask. Some 
of the advantages of a cannula include an unrestricted ability to eat, drink, or talk, and 
also the ability to use a standard headset and microphone in conjunction with a 
passenger intercom or radio transmitter. 


This cannula breathing device is actually one of many styles that are available for aviation 

applications. Some designs, similar to those used for medical equipment, are simply hoses with nasal tube attachments. The 
style shown here has the added feature of an oxygen reservoir that rests under your nose. When a cannula of this design is 
used, oxygen continuously flows into the reservoir to provide an ample supply for respiration. In fact, these cannula designs 

are often used with special oxygen flow regulators that allow you to significantly reduce the consumption of oxygen when compared 
to the amount necessary for most oronasal rebreather masks. In many cases, when a cannula is equipped with a regulator, the 
oxygen duration can be increased to double, or even triple your oxygen supply duration. 


If you use a cannula, you should be aware that the FAA restricts its use to a maximum altitude of 18,000 feet. Above this alti- 
tude, you must use an oronasal mask that provides an adequate seal to your face. Also, you must carry an oronasal mask for 
each aircraft occupant in case a head cold or nasal congestion prevents proper respiration through the nose. However, even 


with these restrictions, you will probably prefer using the cannula instead of an oronasal rebreather oxygen mask, whenever 
conditions permit. 


OXYGEN STORAGE 


To transport and distribute oxygen, most civil aircraft use oxygen cylinders or chemical 


oxygen generators. High-pressure oxygen cylinders provide the most popular method of 
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carrying gaseous oxygen, and are available in a variety of capacities. The cylinders are 
usually made of steel or aluminum, while some newer airplanes use cylinders fabricated 
from advanced composite materials to decrease weight. Most cylinders are painted green 
with the words aviator’s breathing oxygen stenciled on the side, along with the normal 
servicing pressure. When the cylinder is part of a built-in system, it is securely mounted 
to the aircraft structure, to prevent it from causing injuries in the event of a crash. If 


you are using a portable unit, you need to remember to secure the cylinder before 
flight. [Figure 11-28] 


Figure 11-28. High-pressure cylinders permit 
extremely safe storage of oxygen, provided the 
cylinder and its fittings are kept clean from 
grease, oil, or hydraulic fluid. If these materials 
come into contact with high concentrations of 
oxygen, a severe fire can occur. In addition, to 
prevent moisture from entering an oxygen 
cylinder, you should never allow the supply 
pressure to deplete below 50 p.s.i. 


Chemical oxygen generators are often used in pressurized cabin airplanes to provide an 
adequate oxygen supply in the event an emergency descent is necessitated by a loss of 
cabin pressurization. In accordance with the requirements of FAR Part 91, when you are 
flying a pressurized cabin airplane above FL250, you must have an oxygen supply of at 
least 10 minutes duration for each occupant. Chemical oxygen generators provide the 
necessary oxygen to meet this requirement, while also being lighter weight and taking up 
less space than a high-pressure oxygen cylinder. When activated, the generator burns a 
solid chemical to produce gaseous oxygen suitable for breathing. However, since the 
chemical process cannot be stopped once the generator is activated, it can only be used 
once. When supplemental oxygen is needed, you activate the system by pulling an 
oxygen mask out of a storage compartment. By pulling the mask toward you, a lanyard 
cord is also pulled, causing a triggering mechanism to ignite the chemical. To prevent 
inadvertent activation of the system, you should leave the mask stowed except when an 
emergency necessitates use of the oxygen system. 


OXYGEN SERVICING 


A typical high-pressure oxygen cylinder is charged to a pressure of 1,800 to 1,850 
pounds per square inch (p.s.i.), with a maximum pressure of approximately 2,200 p.s.i. 
To prevent exceeding the maximum pressure, most cylinders are equipped with a 
pressure relief valve. When transporting a high-pressure cylinder, never leave it exposed 
to heat or direct sunlight for an extended period of time. Oxygen expands when heated, 
which could cause the cylinder pressure to increase above maximum limits. Also, since 
the temperature of oxygen increases as a result of compression, the cylinder pressure 
gauge will register high immediately after servicing, and then decrease as the oxygen 
cools to ambient temperature. As a result of the high pressure reading, you might 
inaccurately compute the duration of your oxygen supply when using an oxygen 
duration chart. [Figure 11-29] 
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Figure 11-29. An oxygen duration chart allows you to determine the length of time that you and your passengers 
can remain at altitude. For the example shown here, a cylinder with a 1,600 p.s.i. pressure provides approximately 
2 1/2 hours oxygen duration for a pilot and 3 passengers. 


Make sure the oxygen system is filled with aviator’s breathing oxygen. Specifications for 
this type of oxygen are 99.5% pure oxygen and not more than .005 milligrams of water 
per liter. Too much moisture in the oxygen may cause valves and lines to freeze, possibly 
stopping the flow of oxygen. To verify the quality of your oxygen supply, you should 
have the system serviced by a reputable distributor. The Airport/Facility Directory contains 
information on airports that can provide oxygen system servicing. [Figure 11-30] 
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Figure 11-30. Oxygen services can be determined by looking for the designations OX1, 2, 3, or 
4 in the Airport/Facility Directory. OX1 indicates that high-pressure oxygen cylinders can be 
serviced, while 3 indicates that replacement high-pressure cylinders are available. The numbers 
2 and 4 are for low-pressure oxygen systems that are sometimes installed in older aircraft. 


CABIN PRESSURIZATION 


Although oxygen systems provide adequate protection from hypoxia, wearing an oxygen 
mask for extended periods of time can become irritating. In addition, a number of other 
physiological effects can occur at high altitude that are not prevented by breathing 
supplemental oxygen. Decompression sickness and sinus or ear blockages are among some 
of the physiological conditions that can cause severe pair: or discomfort to you or your 
passengers. To reduce or eliminate these problems, many airplanes in private and 
commercial service are equipped with a cabin pressurization system. With a pressurized 
cabin, a safer and more comfortable environment is produced, permitting high altitude flight 
without having to wear an oxygen mask. However, before you act as the pilot in command 
of a pressurized aircraft that is certified for operations above 25,000 feet MSL, you should 
be aware that FAR Part 61, requires you to receive and log specific training. This training 
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consists of ground and flight instruction to include high-altitude aerodynamics and 


meteorology, respiration, hypoxia, use of supplemental oxygen, and other physiological 
aspects of high-altitude flight. 


PRESSURIZATION PRINCIPLES 


Pressurization is accomplished by pumping air into an aircraft that is adequately sealed to 
limit the rate at which air escapes from the cabin. By limiting the rate of airflow out of 
the cabin, the air pressure increases to produce a cabin environment equivalent to one 
encountered at a lower altitude. For example, when flying at 20,000 feet, the atmosphere 
exerts a pressure of about 6.8 pounds per square inch (p.s.i.). If your airplane is equipped 
with a pressurization system that increases the cabin air pressure to 10.9 p.s.i., the cabin 
pressure altitude will be equivalent to 8,000 feet. Cabin pressure altitude is a term 
that describes the equivalent altitude inside the cabin and is a factor in evaluating the 
effectiveness of the pressurization system. 


Another factor considered with a pressurization system is the amount of cabin differential 
pressure that the system produces. Cabin differential pressure is simply the difference 
between the outside air pressure and the cabin air pressure. In the previous example, the 
cabin differential pressure is equal to 4.1 pounds per square inch differential (p.s.i.d.). This 
is determined by subtracting the atmospheric pressure of 6.8 p.s.i. from the cabin air 
pressure of 10.9 p.s.i. Due to structural considerations, all pressurized aircraft have limits on 
the amount of differential pressure that the airframe can endure. On smaller general aviation 
airplanes, the maximum cabin differential pressure is typically limited to a value that ranges 
between 3.35 to 4.5 p.s.i.d., while most large transport category airplanes have maximum 
cabin differential pressures near 9.0 p.s.i.d. [Figure 11-31] 


| At FL240, the standard 
| atmospheric pressure 
| is 5.7 p.s.i. By adding this 
| pressure to the cabin 
| differential pressure of 
13.7 p.s.i.d., a total air 
‘pressure of 9.4 p.s.i. 
¿is obtained. 


pressurize 13.7 
arm CONDITIONED 


The altitude where the 
standard air pressure is 
equal to 9.4 p.s.i. can 
be found at 12,000 feet. 


Figure 11-31. With a standard atmospheric pressure chart similar to this one, you can determine what your cabin 
pressure altitude will be when you know the cabin differential pressure. For example, if you are flying at FL240 with 
a cabin differential pressure of 3.7 p.s.i.d., your cabin pressure altitude will be approximately 12,000 feet. 


PRESSURIZATION COMPONENTS 


On a pressurized airplane with a turbocharged reciprocating engine, pressurization air is 
obtained from the compressor section of the turbocharger. As hot compressor air is 
discharged, it enters a sonic venturi which limits the airflow to prevent too much air from 
being taken away from the engine. The airflow is limited by accelerating the air to a sonic 
speed as it flows through the venturi, which causes a shock wave to form. The shock wave 
acts as a barrier, preventing a portion of the compressor discharge air from flowing to 
the pressurization system. From the sonic venturi, air enters a heat exchanger where it is 
heated, or cooled, to produce a comfortable climate in the cabin. Inside the heat exchanger, 
ambient air flows over hollow tubes that contain the pressurization air. By controlling the 


temperature of the ambient air, the amount of heat transfer between the pressurization air 
11-31 


CHARTER |! ADVANCED SYSTEMS 


and ambient air is varied. If additional cabin heat is necessary during 


high-altitude flight, you can adjust a cabin heat valve to direct the a DE 

ambient air to become preheated by flowing through a shrouded cavity BLUE — Ambient Air 
i ient air 

that surrounds the exhaust muffler. By varying the ambien RED - Compressor 

temperature in this manner, the pressurization air temperature cae e Discharge Air 

controlled. From the heat exchanger, the pressurization air is distributed 


to the cabin through heating and ventilation outlets. To regulate the ORANGE- 
amount of air pressure in the cabin, an geome aie: 
outflow valve modulates between 

open and closed, to allow the Air Scoops 
pressurization air to vent out of Heat Shroud 
the cabin at a controlled rate. 
Another valve, referred to as a 
safety/dump valve, is used to 
provide a means for eliminat- 
ing the pressurization air if the 
outflow valve fails, as well as 
other functions discussed later 
in this section. [Figure 11-32] 
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Figure 11-32. Although the components 
of pressurization systems vary between 
aircraft models, the principles of operation 
are similar. 


To Cabin Altitude Controller 


Outflow Valve 


Safety/Dump Valve 


PRESSURIZATION 
INSTRUMENTS 
Most pressurized airplanes are equipped with 
special instruments that allow you to monitor the 
performance of the pressurization system. One of 
these instruments is a combined cabin/differential 
pressure indicator. The indicator works like an 
altimeter, except that it has two reference pressures: 
one for cabin air pressure, and another for outside air pressure. By reading the indicator, 
you can determine either your cabin pressure altitude or the differential pressure between 
the cabin and outside air. A second instrument is the cabin rate-of-climb indicator. This 
instrument is referenced to the cabin air pressure and indicates the rate of pressure change 


in the cabin. [Figure 11-33] 
Cabin Differential Pressure Indicator. 
(Pounds Per Square Inch Differential) 


Cabin Pressure Altitude Indicator 
(Thousands of Feet) 


Maximum Cabin Differential 
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Figure 11-33. The cabin/differential 
pressure indicator has two indicator AY 
needles and scales. The large scale is gn 2 i 
used to determine the cabin pressure Bs era 
altitude in thousands of feet, while the i 

small scale is used to determine the 
cabin differential pressure, measured in 
p.s.i.d. The cabin rate-of-climb indicator 
senses the rate of cabin air pressure 


change, and displays the rate in feet- CABIN RATE-OF-CLIMB —_ CABIN/DIFFERENTIAL 
per-minute climb or descent. INDICATOR PRESSURE INDICATOR 
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PRESSURIZATION CONTROL 


There are two types of systems available to control pressurization. The first is a basic 
system that begins pressurizing the cabin when the airplane reaches a preset altitude. 
Although this altitude may vary with different manufacturers, 8,000 feet is commonly used. 
As the airplane ascends above the preset altitude, the outflow valve modulates between open 
and closed to limit the amount of air that flows out of the cabin. By limiting the outflow of 
air, the cabin pressure begins to increase to maintain the cabin pressure altitude at the preset 
level. This causes the cabin rate of climb to remain at zero, until the airplane climbs to an 
altitude where the maximum cabin differential pressure is obtained. Above this altitude, the 
pressurization system maintains the maximum cabin differential pressure, which causes the 
cabin pressure altitude to begin climbing. As a result, the cabin rate-of-climb indicator 
will show a climb rate that is slightly less than the airplane climb rate. The difference in the 
rate-of-climb values is because the air density inside the airplane is greater than the ambient 
air density. When the pressurization system is working to prevent the cabin differential 
pressure from exceeding maximum limits, it is operating in the differential range. On the 
other hand, when the system is working to maintain the cabin pressure altitude at the preset 
level, it is considered to be operating in the isobaric range. 


Figure 11-34. The outflow valve allows 
cabin air to flow from the cabin into a 
nonpressurized area of the airplane where 
it can vent to the atmosphere. If the outflow 
valve fails to maintain the pressurization at 
a value that is lower than the maximum 
cabin differential pressure, the airframe 
structure may be damaged. To prevent an 
over-pressurization, the safety/dump valve 
automatically opens when the maximum 
cabin differential pressure is exceeded. The 
safety/dump valve is similar in design to the 
outflow valve, but is set to open at a higher 
cabin differential pressure value. 


Pressure | —_ Pressure 


A disadvantage of the basic system is that while flying below the altitude where 
pressurization begins, the cabin air pressure changes in response to climbs or descents. If 
the rate of altitude change is rapid, you and your passengers may experience physical 
discomfort such as sinus or ear blockage. In a similar manner, when the airplane is 
operating at an altitude that causes the pressurization system to function in the 
differential range, rapid changes in altitude may also produce physical discomfort. The 
second type of pressurization system alleviates these problems by using a cabin pressure 
control, which allows you to select the altitude where pressurization begins to operate. As 
an additional feature of most cabin pressure controls, you can also adjust the rate that the 
air pressure changes inside the cabin by varying the position of a rate control knob. By 
repositioning the knob, you are able to adjust the opening and closing of the outflow valve to 
increase or decrease the cabin rate of climb. To utilize 

the rate control, the pressurization system must be CABIN ALTITUDE CONTROLLER 
operating in the isobaric range. [Figure 11-35] ma rare 
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Figure 11-35. Although cabin pressure 
control styles vary, most consist of a 
dual-scale indicator like this one. A 
large scale is used to set the desired 
cabin pressure altitude, while a second 
scale, visible through a window, 
indicates the altitude where the 
maximum cabin differential pressure 
will be reached. 
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To set the cabin pressure control, you rotate an adjustment knob until your desired 
cabin altitude registers under the indicator needle. When adjusting the control, most 
manufacturers suggest that you use a value that is 500 feet higher than the desired setting, to 
avoid pressurization surges. These surges, or bumps as they are often called, may cause some 
passenger concern or physical discomfort. As the adjustment knob is rotated, the indicator 
needle moves as well as the altitude value showing through the window. By observing the 
reading in the window, you can determine the altitude where the pressurization system will 
begin operating in the differential range. If you will be flying at an altitude that exceeds the 
altitude shown in the window, you should reposition the cabin pressure control during your 
climb so that the altitude in the window shows 500 feet higher than your cruise altitude. 
By doing this, the pressurization system will continue operating in the isobaric range 
throughout your flight. An advantage of maintaining the control in the isobaric range is that 
you can adjust a rate control knob, which allows you to vary the rate that the air pressure 


Figure 11-36. This illustration shows the typical operating sequence of a cabin pressure control for a direct flight from 
Cheyenne, Wyoming (CYS) to Fargo, North Dakota (FAR). To keep the cabin pressure control in the isobaric mode, you 
need to readjust the cabin pressure altitude during the climb. 
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changes inside the cabin. The rate control provides a means for adjusting the rate- 
of-pressure change, to provide a smoother transition during altitude changes, which 
helps to alleviate physical discomfort. An additional fact to remember is that when the 
cabin pressure control is operating in the isobaric range, you need to make all cabin 
pressure control adjustments slowly. Failure to do so may result in extreme changes 
in cabin air pressure, which can cause significant physical pain to you and your 
passengers. [Figure 11-36] 


With any pressurization system, you can de-pressurize the cabin by activating a dump 
valve in the event of certain emergencies. For example. you can use the valve to 
evacuate smoke if it appears in the cabin. The valve also may be designed to remain open 
to prevent pressurization while the aircraft is on the ground. If the cabin is pressurized 
when you or your passengers try to exit the aircraft, you may not be able to get the cabin 
door open since some doors open inward. On the other hand, if the cabin door opens 
outward, it can be blown open when the latch is released. While this can cause injury to 
an occupant inside the airplane, it is an even bigger hazard for someone opening the 
door from the outside. [Figure 11-37] 


Figure 11-37. On some aircraft, pulling a handle manually activates the dump valve. With 
other designs, repositioning a switch from the pressurize to dump position electrically 
actuates the safety/dump valve to an open position to release cabin pressure. 


PRESSURIZATION EMERGENCIES 


Although cabin pressurization systems are highly reliable, malfunctions do occur 
with system components or aircraft structures, Of the malfunctions that occur, cabin 
decompressions are among the most serious. Gradual decompressions are hazardous 
because you may not be aware of the subtle changes in cabin pressure. As the cabin 
altitude increases, your ability to detect the cabin decompression may be impaired by 
hypoxia-induced euphoria. To aid in detecting an excessive cabin pressure altitude, the 
aircraft is equipped with an annunciator light that illuminates when the cabin pressure 
altitude exceeds a preset value. Typical settings for illumination are 10,000 feet or 12,500 
feet. If the cabin altitude light illuminates, you should don an oxygen mask and activate 
the oxygen system. As a further safeguard, you may want to consider descending to a 
lower altitude, especially if your oxygen supply is limited. 


In other situations, rapid decompressions can cause total loss of cabin pressurization 
within 1 to 10 seconds, while an explosive decompression can cause complete pressur- 
ization loss in less than 1 second. Rapid and explosive decompressions are likely to 
occur when a large part of the cabin structure fails. Windshield, cabin window, and door 
failures are typical causes of rapid or explosive decompressions. To help prevent these 
hazards, you should inspect the cabin structure before any pressurized flight. If cracks or 
crazing are apparent in the windshield or any cabin windows, have them inspected 
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B e Figure 11-38. Pressurized aircraft 
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before attempting to fly with the cabin pressurized. Also, since pressurized aircraft doors 
incorporate special latching mechanisms, you or another authorized flight crewmember 
should close and secure the cabin door. [Figure 11-38] 


When rapid or explosive cabin decompressions occur, they are accompanied by a 
wide array of phenomena. In many cases, the cabin fills with fog due to immediate 
condensation of water vapor in the cabin. Also, anything that is not secured in the 
aircraft is pulled toward the cabin opening, causing flying dirt and debris. After the 
decompression, the cabin is left extremely cold since all heated air is immediately drawn 
out. Because the time of useful consciousness is very short, immediate actions must be 
taken. Your first reaction must be to don an oxygen mask and verify that the oxygen 
system is operating. Then, if you are on an IFR flight plan, declare an emergency to ATC 
and begin setting the aircraft up for an emergency descent. Most initial procedures for 
propeller-driven airplanes specify to retard the throttles and advance the propellers to 
low pitch, high r.p.m. By decreasing the pitch of the propellers, the blades create drag to 
slow the aircraft. Once the airspeed has decreased to allowable limits, extend the 
landing gear and begin a descent. When an altitude has been reached where oxygen is no 
longer required, you should continue the flight only to the closest usable airport. 
Remember, once you have experienced a cabin decompression at high altitude, you need 
to be aware of the onset of altitude-induced decompression sickness (DCS). To be safe, it 
is recommended that you seek medical attention from an aeromedical specialist, trained 
in DCS emergencies. DCS and other high altitude physiological effects are discussed in 
Chapter 1, Section B — Advanced Human Factors Concepts. 


ICE CONTROL SYSTEMS 


Ice control systems used on high performance or complex airplanes consist of a 
combination of anti-icing and de-icing equipment. Anti-icing equipment prevents the 
formation of ice, while de-icing equipment removes the ice once it has formed. Aircraft 
components that must be protected from ice accumulations include leading edges of 
wing and tail surfaces, pitot and static source openings, fuel tank vents, stall warning 
sensors, windshields, and propeller blades. In addition, engines may require alternate 
sources of intake air or ice protected inlets, while ice detection lighting also is required 
to help you determine the extent of structural icing when flying at night. Although an 
aircraft may be equipped with systems to protect some or all of these components, the 
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Figure 11-39. Static discharge wicks are required for flights in 
icing conditions or when operating in areas of precipitation to 
help prevent static electricity from arcing between the airplane 
and the atmosphere. If static discharges are not controlled, 

radio interference can become so severe that communication 

and navigation signals are unusable. p 


aircraft still may not be certified to fly in icing conditions. To determine if your airplane 
is certified to operate in icing conditions, you should consult the FAA-approved POH for 
the airplane. However, even if certified, you should keep in mind that icing conditions 


pose significant hazards. When encountered, 
always seek out regions where meteorological 
conditions are less conducive to ice formation. 
A discussion of aircraft icing causes, effects, 
characteristics, and avoidance procedures are 
found in Chapter 9, Section B — Weather 
Hazards. [Figure 11-39] 


AIRFOIL ICE CONTROL 


To protect wing and tail surface leading edges from icing, most aircraft use pneumatic 
devices. On many reciprocating-engine and turboprop airplanes, de-icing boots are 
pneumatically inflated to break the ice, allowing it to be carried away by the airstream. 
In another system, primarily used on jet airplanes, heated pneumatic air is directed 
through ducting in the airfoil leading edge, to thermally prevent ice from forming. This 
system is often referred to as a thermal anti-ice system. 


DE-ICING BOOTS 

A high-pressure de-icing boot is essentially a fabric reinforced rubber sheet that contains 
built-in inflation tubes and is bonded to the leading edge of the surface to be protected. 
For reciprocating-engine airplanes, pneumatic pressure from engine-driven pumps is 
supplied to the inflation tubes by suitable plumbing. The boots are installed in sections 
along each leading edge surface. Where boots are installed on wings and horizontal 
stabilizers, corresponding sections on the left and right side of the aircraft operate 


simultaneously. Simultaneous operation provides 
symmetrical airflow between the left and right side 
of the airplane. To limit the disruption of airflow 
over the surface, the inflation tubes within a boot 
may be alternately cycled by a sequencing timer. By 


-_— ; cycling inflation, the load on the pneumatic pumps 


is reduced. [Figure 11-40] 
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Figure 11-40. De-icing boots 
should be cleaned periodically with 
mild soap and water. You should 
not use abrasive equipment since 


Í de-icing boots have a thin conductive 
| coating to help eliminate static 


build-up. After cleaning, the boots 
can be coated with chemicals that 


| help prevent ice adhesion, making 


them more effective. Also, during 
preflight checks, inspect the boots 
for tears, holes, and secure attach- 
ment. These photos show a de-icing 
boot before and during an inflation 
cycle. 
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The pneumatic pumps that are used to operate de-icing boots are often the same pumps 
that power the gyroscopic flight instruments. These produce suction and pressure air, 
which can be directed to the inflation tubes. When the boots are not in use, suction is 
applied to the inflation tubes, which holds the boot in the deflated position to maintain 
the contour of the leading edge. Depressing a switch activates the de-icing boots, which 
causes pressure air to be cycled through the inflation tubes. The switch often includes 
two positions, one for automatic cycling and the other for a single cycle. In the automatic 

position, a complete cycling of the boots is accomplished 
at timed intervals, whereas the single-cycle position 

only provides one complete cycle. [Figure 11-41] 


Figure 11-41. If pneumatic de-icing boots are allowed to cycle 

too often, ice can form to the inflated contour of the boot. This 

can cause a void to form under the ice, causing boot inflation 
to become ineffective. To prevent the condition, boots should 
not be activated until ice has accumulated to an amount of 1/4 
to 1/2 inch thickness. 


Many de-icing boot systems use the instrument system suction gauge and a pneumatic 
pressure gauge to indicate proper boot operation. These gauges have range marks to 
depict minimum and maximum operating limits for boot operation. When the boots are 
not in operation, the suction gauge should indicate in the normal operating range. If it is 
low, a boot section may have a leak, which prevents it from inflating properly. During 
boot cycling, the gauges fluctuate as each section inflates. While each section inflates, 
you should check the pressure gauge to verify that it indicates in the green, normal 
operating range. 


Another type of indicator for de-icing boots uses annunciator lights. During boot 
operation, a red light illuminates until adequate pressure causes a cycling switch to 
actuate. When cycling occurs, a green light illuminates. If the red light remains on, the 
system is not operating properly and must be manually deactivated to deflate the boots. 


THERMAL ANTI-ICE SYSTEMS 

Pneumatic, thermal anti-ice systems are commonly installed on turbojet and some 
turboprop aircraft. This is because a jet engine has a ready source of hot air that can be 
used to heat airfoil leading edges. In this 
system, hot air is directed from one of the 
later stages of the compressor section of 
the engine and directed to the leading 
edges of the thermally protected airfoils. 
[Figure 11-42] 


Figure 11-42. The leading edge 
of an airfoil that uses a thermal 
anti-ice system uses ducts and 
chambers that allow hot engine 
air to sufficiently heat the leading 
edge to prevent ice formation. 
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D Weeping Wings Shed Ice, Not Tears 


While de-icing boots and thermal anti-ice systems are the most common methods of protecting airfoil leading edges, 
some aircraft manufacturers are using another type of airfoil anti-ice system. A weeping wing, as it is often called, uses 

leading edge panels that are either laser-drilled with small holes, 

or fitted with a fine stainless steel mesh as shown here. By grad- 

ually pumping a mixture of ethylene glycol, isopropyl alcohol, and 

water through the leading edge, structural ice formations 

are prevented. 


The anti-icing fluid is stored in a reservoir that holds enough fluid 
to provide two or more hours of ice protection when flying in 
moderate icing conditions. In addition to airfoil protection, the 
anti-icing fluid is used for windshield and propeller ice protection. 
When the system is combined with other ice control devices, 
many aircraft equipped with a weeping wing are certified for flight 
into areas of known icing conditions. 


WINDSHIELD ICE CONTROL 


Most aircraft are equipped with a defroster consisting of vents, which direct heated air 
across the windshield on the inside of the cabin. Although this system is adequate for 
some operations, flight in icing conditions may cause ice to adhere to the outside of 
the windshield, restricting your visibility. To prevent ice formation, some windshield 
anti-ice systems use a flow of alcohol to coat a small section of the windshield. Although 
these systems may be used for ice removal, they should be used early enough when icing 
conditions are encountered to prevent ice from forming. The system is easy to operate, 
often using a switch that allows you to vary the flow rate of the alcohol. Before a flight 
with this type of windshield ice protection, check to make sure the reservoir is properly 
serviced with the correct type of alcohol as recommended in the POH for your airplane. 


Another effective way of protecting a windshield is provided by using electric heat to 
prevent the formation of ice. With these systems, small wires or electrically conductive 
materials are embedded in the windshield 
or in a panel of glass that is installed over 
the exterior of the windshield. By passing 
electrical current through the windshield or 
panel, sufficient heat is produced to prevent 
the formation of ice. You should be aware 
that when these systems are activated, the 
electrical current flow causes disturbances to 
the magnetic compass. These disturbances 
can generate erroneous compass readings in 
excess of 40 degrees when the windshield 
heat is operating. [Figure 11-43] 


Figure 11-43. When a heated windshield or panel is 
installed on an aircraft, it should only be operated in flight 
to prevent overheating. The anti-ice windshield panel in this 
photo developed bubbles between the window laminations 
because it was left on for an extended period of time while 
the aircraft was on the ground. 
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PROPELLER ICE CONTROL 

In a similar fashion to aircraft windshields, propellers can be protected from icing by 
using alcohol or electric heating elements. With a propeller anti-ice system that uses 
alcohol, the spinner is equipped with discharge nozzles that are pointed toward each 
blade root. By discharging alcohol from the nozzles, centrifugal force causes the alcohol 
to flow down the leading edge of the blade to prevent ice formation. The inboard 
portions of each propeller blade may also have rubber boots attached to the leading 
edges. These boots have grooves that help to direct the flow of alcohol. An electric 
propeller anti-ice system also uses rubber boots attached to the inboard portions of each 
blade. However, the boots have wires imbedded in them to carry electric current for 
heating. [Figure 11-44] 


Figure 11-44. Electrically 
heated propeller anti-ice 
boot sections are usually 
heated in a cycling fashion 
to prevent an excessive load 
on the electrical system. 
Before flight, check the 
system by touching each 
boot section to determine 
proper operation. In flight, 
you can determine that the 
PROP ANTI-ICE BOOT propeller anti-ice system is 
The boot is divided into two sections: inboard operating by monitoring an 
and outboard. When the anti-ice is operating, the ammeter that shows the 
inboard section heats on each blade, and then amount of electrical current 


being supplied to the boots. 


PROP ANTI-ICE AMMETER 

When the system is operating, 
the prop ammeter will show in 
the normal operating range. As 


each boot section cycles, the 


} cycles to the outboard section. If a boot fails to 
ammeter will fluctuate. 


heat properly on one blade, unequal ice loading 
may result, causing severe vibration. 


OTHER ICE CONTROL SYSTEMS 


As mentioned earlier, other ice protection systems include the pitot tube and static port 
openings, fuel vents, and stall warning sensors. Each of these systems are typically 
heated by electrical elements and can be checked during a preflight inspection by touching 
each component when the ice protection systems are on. Use caution when checking 
these devices. The temperature produced by heating elements can cause severe burns. 
For example, never wrap your hand around a pitot tube to check heating. Instead, use a 
moistened finger or rag to touch the tube lightly. 


Even with a thorough preflight inspection of each ice control device, you should check 
the operation of the devices while in flight before icing conditions are encountered. 
Also, since many of these systems are anti-ice devices, they should be activated 
before icing conditions develop. Also keep in mind that when any icing conditions are 
encountered, you should seek alternate altitudes or routes. With most small aircraft ice 
control systems, your safety is primarily increased by providing you with more time to 
seek meteorological conditions that are less conducive to icing. 


SUMMARY CHECKLIST 


Y Built-in and portable oxygen systems are available to supplement breathing while 
operating at high altitude, to prevent adverse physiological conditions. 


V There are three basic configurations of oxygen systems used on aircraft. They are 
the continuous-flow, diluter-demand, and pressure-demand systems. l 
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Y Constant-flow, adjustable-flow and altitude-compensated oxygen systems are all 


continuous-flow designs, and are capable of providing adequate respiration up to 
25,000 feet. 


V Oxygen masks that are used with continuous-flow oxygen systems are usually 
oronasal rebreather designs that dilute oxygen with a portion of exhaled air, to 
provide increased oxygen supply duration. 


v Diluter-demand and pressure-demand oxygen systems only allow oxygen to flow 
when you inhale, and are capable of providing diluted or 100% oxygen. 


yY For flights as high as 40,000 feet, the diluter-demand or pressure-demand oxygen 
systems are used. For flights above 40,000 feet, a pressure-demand system must be 
used. 


v Aviator’s breathing oxygen is usually stored in a high-pressure cylinder that is 
serviced to between 1,800 to 1,850 p.s.i. and should never be allowed to decrease 
below 50 p.s.i. 


y A chemical oxygen generator provides an emergency oxygen supply, and is 
primarily used during descents in a pressurized airplane in the event of a cabin 
decompression. 


y To prevent a fire, never allow smoking or open flames near an oxygen system while 
it is in use. In addition, keep oxygen fittings free of grease, oil and hydraulic fluids. 


J Pressurization systems increase the pressure inside an airplane to produce a 
lower cabin pressure altitude. In addition, when the pressurization system is 
operating, you can control the cabin rate of pressurization to maintain a 
comfortable environment. 


/ A basic pressurization system is set to begin operating at a particular altitude, 
whereas a system with a cabin pressure control allows you to set the altitude where 
pressurization begins. 


V The pressurization instruments include the cabin rate-of-climb indicator and the 
cabin/differential pressure indicators. 


/ If a pressurized cabin decompresses, you must descend to an altitude where 
oxygen is not required. If the decompression is rapid or explosive, you should be 
checked by an aeromedical examiner to determine if you are suffering from 
altitude-induced decompression sickness (DCS). 


/ Aircraft ice control systems provide more time for you to maneuver your aircraft 
out of hazardous structural icing conditions. Even if an aircraft is certified for flight 
into known icing conditions, you should try to avoid icing encounters. 


/ Ice control systems are divided into de-ice and anti-ice systems. De-ice systems 
remove ice after it has formed on an aircraft component, while anti-ice systems 
prevent ice before it has a chance to form. 


KEY TERMS 


Oxygen Systems Pressure Demand 
Continuous Flow Constant Flow 
Diluter Demand Adjustable Flow 
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Altitude Compensated 
Oronasal Rebreather 
Quick-Donning Mask 
Oxygen Cylinders 

Chemical Oxygen Generators 
Oxygen Duration Chart 
Aviator’s Breathing Oxygen 
Cabin Pressurization System 
Cabin Pressure Altitude 
Cabin Differential Pressure 
Outflow Valve 

Safety/Dump Valve 
Cabin/Differential Pressure Indicator 


Cabin Rate-of-Climb Indicator 


QUESTIONS 


ADVANCED SYSTEMS 


Cabin/Differential Pressure Indicator 


Cabin Rate-of-Climb Indicator 
Differential Range 
Isobaric Range 

Cabin Pressure Control 
Dump Valve 

Cabin Decompressions 
Ice Control Systems 
Anti-Icing 

De-Icing 

De-Icing Boots 
Therma! Anti-Ice 
Windshield Anti-Ice 


Propeller Anti-Ice 


1. As the pilot in command of an airplane that uses color coded oxygen mask 
connectors, what color mask should you use? 


A. Gold 
B. Red 
C. Orange 


2. What method is used to determine if oxygen is flowing to an oronasal rebreather 
oxygen mask when used in a continuous-flow oxygen system? 


3. To prevent moisture from entering a high-pressure oxygen supply cylinder, the 
cylinder pressure should not deplete below 


A. 100 p.s.i. 
Be 15 psi. 
G50 p81, 


4. If an outflow valve of a pressurization system fails in the closed position, what 
prevents the cabin pressure from exceeding the maximum cabin differential pressure? 


5. True/False. When setting a cabin pressure control before takeoff, you should adjust 
the cabin altitude to 500 feet above your planned aircraft cruising altitude. 
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6. What action should you first take if you experience a rapid cabin decompression in 
a propeller-driven airplane, while on an IFR flight plan? 


A. Declare an emergency with ATC 
B. Increase the pitch of the propeller 


C. Don an oxygen mask and activate the oxygen system 


7. Why should you allow ice to accumulate a certain amount on de-icing boots before 
inflating them? 


8. How can you determine that an electrically powered propeller anti-ice system is 
operating properly while in flight? 
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RETRACTABLE 
LANDING GEAR 


Landing gear have a simple function: to absorb the load imposed during a landing, in 
order to protect the airplane’s fuselage and preserve the comfort of those on board. You 
may not give much thought to the fixed gear on an airplane, except to ensure they are 
aligned with the runway upon touchdown. However, when you fly an aircraft with 
retractable landing gear, you assume more responsibility in exchange for the advantages 
afforded by the more complex design. 


You will find certain differences when operating an aircraft with retractable landing 
gear. For example, climb performance usually improves as the gear is raised after takeoff. 
You will fly at faster cruise speeds, in general, than in similar fixed-gear aircraft. 
Extending the gear during approach will help you slow down and descend more 
smoothly, and you may find that lowering the gear during encounters with turbulence 
helps to stabilize the airplane. Since there are numerous moving parts within the gear, 
you will need to preflight the system closely. You must always remember to lower the 
gear before landing, and, in case the gear will not extend or retract through normal 
means, there are emergency procedures to learn and follow. Ground handling and taxi- 
ing, however, are quite similar to those operations in fixed-gear aircraft. 


LANDING GEAR SYSTEMS 


Most aircraft with retractable landing gear use some type of mechanical aid to help the pilot 
raise the gear into the belly of the airplane and extend it again for landing. The gear may be 
operated either through a hydraulic system or an electric motor, or a hybrid of the two meth- 
ods. Since systems differ between aircraft, you should familiarize yourself with the landing 
gear system in your airplane, using the recommendations outlined in the aircraft's POH. 


On some aircraft, the main gear retract into the wings or fuselage on either side. The nose 
gear generally retracts into the forward fuselage, below the engine compartment. Gear 
doors may be installed to further streamline the fuselage after the gear has retracted. 


ELECTRICAL GEAR SYSTEMS 


Some aircraft employ an electrically driven motor for gear operation. The electrical 
gear system consists of a motor that is reversible to facilitate both raising and lowering 
the gear, and this motor drives a series of rods, levers, cables, and bellcranks that form 
what is essentially a motorized jack. Struts are also actuated that open and close the 
gear doors during the gear cycle. The gear cycle refers to the process that the gear goes 
through during extension and retraction. The electric motor moves up or down and it 


will continue to operate until the up or down limit switch on the motor’s gearbox is 
tripped. [Figure 11-45] 
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It’s All About Having the Right Gear 


Different airplanes require different types of landing gear to perform their particular jobs. While you may be familiar 
with the tricycle and conventional gear aircraft 
around your local airport, there are several other 
gear applications of which you may not be aware. Aircraft in 
remote areas use extra-large tires that can roll over rough ter- 
rain, while those that routinely land on snowfields may have skis 
installed. Seaplanes may either use pontoons or a keel for water 
landings, but amphibious types have wheels that either extend 
out of the pontoons or the fuselage for landings on hard-sur- 
faced runways. If you fly a seaplane, neglecting to lower the gear ` 
for landing on pavement — or to raise the gear when landing on 
water — can have damaging consequences. 


Gliders often have a single main gear, located on the bottom of the fuselage, 
and a small tailwheel. Because of this, crew are required to walk the wings so 
they do not touch the ground during takeoff. Having one fewer gear saves on 
weight and parasite drag, which are even more critical in gliders than in pow- 
ered aircraft. 


Large transport aircraft use multiple-wheel gear to distribute the weight 
of the aircraft over a larger surface area on the runway. Early landing 
gear experiments on transport aircraft tested extremely large, single 
wheels, and tracked gear, like the wheels on a tank, but found that the 
applications for those types of gear were more limited than for multiple- 
wheel gear. 


Manual Control —*¢ 
Gearbox 
Figure 11-45. The drag struts help 
support the aircraft's weight, while 
the shock strut provides cushioning 
during touchdown. 
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HYDRAULIC GEAR SYSTEMS 


Other aircraft utilize a hydraulic gear system to actuate the linkages that raise and lower 
the gear. When the gear switch is retracted, hydraulic fluid, like that used in many brake 
systems, is pressurized and directed into the gear up line. The fluid flows through 
sequence valves and downlocks to the nose gear and main gear actuating cylinders. A 
similar process occurs during gear extension. The pump which pressurizes the fluid in the 
system can be either engine driven or electrically powered. If an electrically powered pump 
is used to pressurize the fluid, the system is referred to as an electrohydraulic system. A 
hydraulic fluid reservoir serves to contain excess fluid, and gives you a means of 
determining the fluid level in the system before flight. [Figure 11-46] 


The hydraulic pump, regardless of its power source, is designed to operate within a 
specific range. When a sensor detects excessive pressure, a relief valve within the 
pump opens, and hydraulic fluid is routed back to the reservoir. A second type of 


Sequence Valve 


Figure 11-46. The hydraulic system may also 
deliver pressure to actuate cylinders that open 
and close the landing gear doors. 


To Return Manifold 
— Orifice Check Valve 


Gear Cylinder 


Orifice Check Valve 


| Pressure Manifold 
(I Return Manifold 

(I Gear Up, Door Close Line 
GB Gear Down, Door Open Line 
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relief valve prevents the excess pressure associated with thermal expansion. The 
hydraulic pressure is also regulated by limit switches on each of the landing gear. 
Each gear has two switches, one dedicated to extension, and one for retraction. These 
switches deenergize the hydraulic pump after the landing gear has completed a gear 


cycle. In case any of these switches fail, a backup valve will relieve excess pressure in 
the system. 


GEAR SYSTEM SAFETY 


With the benefits of retractable landing gear come additional complexity and potential 
problems. To deal with these issues, aircraft manufacturers have installed various 
devices on aircraft with retractable gear to enhance safety and ease of operation. 


GEAR POSITION INDICATORS 


In most aircraft, not all of the landing gear are visible from the cockpit. Therefore, one of 
several different types of gear position indicators is installed to help you keep track of 
where the gear is in the gear cycle. Position lights are one common type of indicator. 
Often, the grouping will consist of one red light and one or three 
green lights. The red light is illuminated when the gear are in tran- 
sit or unsafe for landing, and the green lights indicate when each 
gear is down and locked. Generally, the red light will illuminate 
and then go off once the gear is fully retracted or extended. These 
lights are often installed so that you can press on them to test for 
proper illumination. [Figure 11-47] Other position indicators 
include miniature gear icons electrically placed by the movement 
of the actual gear, or an arrow indicator showing gear position, and 
some models have separate lights that illuminate solely when the 
gear is in transit. 


Figure 11-47. A flickering indicator light may signal either that one of the 
gear is not locked or that there may be a loose wire to the bulb. 


GEAR WARNING HORN 


As a reminder to pilots, most aircraft with retractable gear have a gear warning horn 
that will sound when the aircraft is configured for landing and the gear is still in an 
unsafe position. Usually, the horn is linked to the throttle or flap 
position, and/or the airspeed indicator, so that when the aircraft is 
below a certain airspeed, configuration, or power setting with the 
gear retracted, the warning horn will sound. The horn generally dif- 
fers in sound from the stall warning horn, so that you will know 
which condition you are being alerted to. Some aircraft have other 
safety systems installed to help you avoid a gear-up landing. [Figure 
11-48] 


Figure 11-48. This aircraft has an automatic gear extension system that 
extends the gear below a certain airspeed if the pilot fails to do so. The sys- 
tem has an override feature for use during slow flight maneuvers. 
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SAFETY SWITCHES 

Most retractable landing gear systems incorporate a mechanical safety switch that prevents 
the retraction of the gear when the aircraft is on the ground. The switch, sometimes 
referred to as a squat switch, is usually found on one of the main gear struts. When the strut 
is compressed, the switch opens the electrical circuit to the motor or mechanism that powers 
retraction. That way, if the gear switch in the cockpit is moved to the retract position 
when weight is on the gear, such as during taxi, the gear will remain extended. 
However, the gear warning horn may sound as an alert to the unsafe condition. If the 
gear switch remains in the retract position during takeoff, once the weight is off of the 
gear, the safety switch will release and the gear will retract. If the aircraft does not have 
a positive rate of climb, it may settle back to the ground with the gear retracted. 
[Figure 11-49] 


DO PPPO EVER LAND GEAR UF? 

Every year, new and experienced pilots alike manage to inadvertently land aircraft with the gear retracted. Because 
pilots are not physically connected to the airframe, it is not intuitive to put the gear down before landing, as you would 
automatically extend your arms to brace a fall. You may wonder if birds and other animals that fly land on their feet by 
instinct, or if they have to learn to do so, as pilots do. 


Just like airplanes, different species of flying creatures have “gear,” or feet, that suit their environments. Belted kingfishers nest in bur- 
rows high on silt cliffs, and horned owls scavenge the nests that others leave behind. The hummingbird cannot walk — it must always 
use its wings to move, much like a helicopter on skids. Raptors such as the bald eagle have feet that serve double duty, being useful 

for snaring prey as well as landing. Bats land upside-down, which enables them to hang from cave ceilings and tree branches. 


How much of an animal’s ability to land safely is instinct, and how much is learned? If a bird landed simply on instinct, it would 
rarely suffer a bad landing. However, just as birds must learn to fly from watching their elders, so too must they perfect the skill of 
landing. There are moments when a young bird, struggling to touchdown, obviously forgets to put its “gear” down, and the result 
is nearly as embarrassing as when a pilot does the same in an airplane. The albatross, for example, is notorious for never quite 
perfecting the landing process: it nearly always lands with a tumble across the water, but its awkwardness on land is offset by an 
incredible ability to soar. 


You also must work to perfect your landing skills. To help you remember critical items such as extending the gear, you should 
always use a prelanding checklist. Also, if you fly in a crew, work with your fellow pilot as you run through the checklist. The coor- 
dination will help you ensure that you do not land someday with perfectly good gear still up in the wheel wells. 
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Figure 11-49. This safety switch is located on the left main 
gear. While some safety switche nt gear retractio 
opel 


pening electrical cir ome k the gear switch 


inside the cockpi 


Lock Release 
Solenoid 


Safety Switch 


AIRSPEED LIMITATIONS 


Limiting airspeeds are established for gear operation in order to protect the gear com- 
ponents from becoming overstressed during flight. The airspeeds for gear retraction 
and extension may be different in some airplanes, because of the gear cycle sequence, 
and the relative strength of gear doors, struts, and other parts of the mechanism. The 
operating loads placed on the gear at faster speeds may cause structural damage due to 
the forces of the airstream. Though you will not see these speeds on the airspeed indi- 
cator, they are usually found on placards in the airplane, and published in the POH. The 
maximum landing gear extended speed (Vp) is the maximum speed at which you can fly 
the aircraft with the landing gear extended. The maximum landing gear operating speed 
(Vio) is the highest speed at which you may operate the landing gear through its cycle. 
On some aircraft, Vo may be slower than V,,, and this means that you will have to 
slow the airplane down to 
extend the gear, after which you 
could fly at a slightly faster 
speed. [Figure 11-50] 
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should review the procedures outlined in 


your aircrafts POH for specific details. 
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OPERATING PROCEDURES 


Many potential gear system problems can be prevented if you conduct a thorough pre- 
flight. Because the system is more complex, retractable landing gear demand a close 
inspection before every flight. The wheel wells need to be clear of any obstructions, as a 
foreign object may damage the gear or cause it to become lodged inside the wells. Bent 
gear doors could be a sign of other problems with gear operation, and they may also 
become stuck during extension or retraction. Cracks, corrosion, or loose bolts in the linkage 
may lead to gear failure at a later time, so look carefully at each component of the system. 
Because of the systems’ complexity, there is a good chance that airworthiness directives 
(ADs) exist for a given landing gear system. When you fly a particular aircraft for the first 
time, you should check for any ADs pertaining to the landing gear system to ensure they 
have been performed. The POH or a maintenance technician familiar with the type of 
aircraft may be able to tell you about specific items to look for on the aircraft you fly. 


You control the position of the landing gear through a switch in the cockpit. When you 
place the switch in the DOWN position, the gear extends and locks down. Conversely, 
when you move the switch to the UP position, the gear retracts and locks up inside the 
wells, and, on many aircraft, gear doors close to seal the gear from the airstream. The 
nosewheel steering linkage disengages from the nose gear, and the gear slides into a 
straightened position so that it fits into the wheel well. 


As a general rule, you will retract the gear when you no longer have usable runway left 
on which to land after takeoff. On a long runway, if you decide to abort the takeoff with 
runway remaining, you will want to have the gear down so that you do not damage the 
airplane’s fuselage upon touchdown. Once there is no more runway left to land on, hav- 
ing the gear up will usually result in an increased climb rate or better glide in case of 
engine failure. 


Some gear switches incorporate a detent over which you must lift the switch in order to 
raise the gear. Also, many gear switches have a wheel shape, so that you can feel the dif- 
ference between the flap switch and the gear switch. However, familiarize yourself with 
your aircraft thoroughly, as some airplanes have different flap/gear switch locations. 
This is also an important reason why you may want to avoid raising the flaps while you 
are still rolling out after landing, unless the procedure is called for in the aircraft’s POH. 
When your attention is divided between taxiing, looking for traffic, and reconfiguring 
the airplane, you may accidentally raise the gear switch instead of the flap switch. 
[Figure 11-51} 


Figure 11-51. This gear switch is found i = 
on a Cessna 182RG and is typical of | 
gear switches in many aircraft. E 


TAXI LANDING 
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The gear takes several seconds to complete a cycle, so you should factor in this delay 
when you determine the point at which you will raise or lower the gear. The indicated air- 
speed will decrease when the gear is extended and increase as the gear is retracted. You 
also will notice that the airplane may change pitch attitude when the gear is extended, 
and you will need to adjust accordingly. Some aircraft demonstrate an opposite pitching 
moment when the flaps are extended, and operating procedures may recommend simul- 
taneous deployment of the gear and flaps so that the 
aerodynamic forces offset each other and make for a 
Figure 11-52. The aerodynamic forces that relatively unchanged pitch attitude. [Figure 11-52] 
occur with flap and gear deployment may off- 
set each other. Nose down pitch created by 
the addition of 15° flaps is balanced by the 
nose up moment created by the extension of 
the landing gear. 
the nose pitches down. 


Circuit breakers protect electric landing gear circuitry from excessive loads. On some air- 
craft, one circuit breaker may serve to protect the landing gear circuit, while another 
shields the rest of the electrical system, including the gear warning system. The gear 
pump breaker may be pulled if the gear motor continues to operate after the landing gear 
has fully extended or retracted to prevent overheating. Other aircraft use a single breaker 
for the entire system. Because of the high amount of electrical power used in the gear 
cycle, the circuit breakers should be one of the first items you check in case the gear fails 
to operate. You should avoid pulling a circuit breaker simply to silence the gear warning 
horn, as you may disable an automatic extension system, or land with the gear up due to 
the lack of warning. 


During cold weather, slush and water can splash on to the gear linkages and freeze. You 
should taxi slowly through snow, slush or water to prevent the gear from becoming wet, 
and avoid isolated areas of moisture on the ramp whenever possible. If the gear does 
become wet, cycle it several times after takeoff 
to keep the ice from adhering to and freezing 
moveable parts in the system. If you are unable 
to retract the gear because of ice accumulation, 
leave it down, return to the airport, and have the 
gear deiced. 


anding gear after takeoff 
runway can help prevent the 
) of ice on the gear. 


GEAR SYSTEM MALFUNCTIONS 
The position indicator lights in the cockpit are your primary means of determining 
whether the gear has extended or retracted correctly, but the flight characteristics men- 
tioned above are another clue as to the status of the gear. You can also listen for the gear 
motor, if you are able to hear it running from the cockpit on your aircraft. Some aircraft 
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have mirrors installed on the wings or engine nacelles so that you can actually see the 
gear position from the cockpit. An observer on the ground may also be able to check for 
you, if you question whether or not the gear has extended or retracted properly. 


If the position indicator lights fail to illuminate when you move the gear switch, there 
are several things to consider before you extend the gear manually. First of all, if you felt 
a change in pitch and/or airspeed, the gear may well be down, and one or more of the 
position indicator light bulbs is burned out. Replace the suspect bulb with a working one 
and check it again. 


If you did not notice any other signs that the gear has operated, check the circuit break- 
ers to see if an overload has caused a breaker to pop out. If this is the case, reduce the 
electrical load by turning off unnecessary equipment, reset the breaker, and try the gear 
switch again. 


EMERGENCY GEAR EXTENSION 

When you establish that the gear has failed to extend, you should be ready to use whatever 
type of emergency landing gear system is available in the aircraft. The most common 
kinds you will see are the hand crank, hand pump hydraulic, free fall, and carbon dioxide 
(CO,) pressurized systems. Study the POH for the proper method and any caveats that 
apply to a particular system. Also, practice a manual gear extension with an instructor if 
it is feasible in your airplane. In some cases, it may be necessary to put the aircraft on 
jacks to reset the landing gear system after an emergency extension. If you practice an 
emergency extension, make sure that you stow the hand crank or pump (if used) properly, 
as failure to do so may keep the landing gear circuit open and leave you unable to extend 
or retract the gear normally. 


A hand crank system is often found on aircraft with electric gear systems. The crank is 
employed to turn the gears that operate the actuators manually instead of through the 
electric motor. When you use this system, you will need to turn the crank a specific 
number of revolutions before the gear is fully extended. A good reason to practice this 
extension method in flight is that the position you must be in to turn the crank may be 
awkward, and the crank may be difficult to turn. In general, hand cranks should not be 
used to retract the gear in flight. 


If you fly an aircraft with a hydraulic system, you may use a hand pump hydraulic system 
to extend the gear when the primary pump fails. You will supply the necessary hydraulic 
fluid pressure to the actuator cylinders by pumping a hand pump. With some systems, you 
will need to put the gear switch in the DOWN position before operating the pump. As with 
the hand crank system, hand pumps should not be used to retract the gear. 


A freefall system is another method of gear extension used on aircraft that have 
hydraulic gear systems. A control lever is used to open a valve that releases the system 
pressure. Hydraulic pressure equalizes on both sides of the gear actuators and allows the 
landing gear to fall into position through the force of gravity and aerodynamic loads. On 
some aircraft, a spring assists in gear extension. 


In the carbon dioxide (CO,) pressurized system, compressed gas is used to apply the 
pressure to extend the gear if the hydraulic part of a gear system fails. When the CO, 
extension handle is pulled, pressure is released from a cylinder and directed through 
tubes to each landing gear actuator, which then extends the gear. Some CO, canisters 
may operate only once per flight, so consult your POH before extending the gear in this 
manner. You may need to be in a position where you can leave the gear down for the 
remainder of the flight. Other types of pressurized gas may be used in place of CO, for 
precharging the system. [Figure 11-53] 
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/ Anelectrohydraulic system utilizes an electric pump to pressurize a hydraulic sys- 
tem for gear extension and retraction. 


/ Gear position indicators allow you to determine the location of the gear in the gear 
cycle. Position lights are one common gear position indicator, and they consist of 
three green lights and one red light. 


/ As a reminder to pilots to lower the gear before landing, a gear warning horn 
sounds when the aircraft is configured for landing with the gear unsafe. 


/ Most retractable landing gear systems incorporate a safety switch to ensure that the 
gear does not retract when the aircraft is sitting on the ground. 


/ Maximum landing gear extension speed (Vp) is the fastest speed at which you can 
fly with the landing gear extended, and maximum landing gear operating speed 
(Vio) is the highest speed at which you can safely operate the landing gear. 


V The landing gear system should be thoroughly preflighted before each flight, 
including a check for loose bolts, cracks and corrosion, and foreign objects in the 
wheel wells. 


/ The gear switch is often shaped differently from the flap switch to aid you in dis- 
criminating between the two. 


vV Besides the gear position indicators, other flight characteristics exist which allow 
you to determine if the gear is operating properly. These include a pitch change, a 
change in airspeed, and the sound of the mechanism operating the gear. 


Y One or more circuit breakers protect the landing gear system from electrical over- 
loads. 


Y Recycling the landing gear after takeoff from a slushy runway can help prevent the 
build-up of ice on the landing gear. 


vV The position indicator lights are your primary means of determining gear position. 
If one or more fail to illuminate, check the bulbs and the circuit breakers before 
attempting to lower the gear manually. 


Y The four most common kinds of emergency gear extension systems are the hand 
crank, the hand pump hydraulic, the freefall, and the carbon dioxide (CO,) pres- 
surized systems. Check the POH for your aircraft to determine the proper method 
for operating the system on your airplane. 


KEY TERMS 


Electrical Gear System Gear Warning Horn 

Gear Cycle Safety Switch 

Hydraulic Gear System Maximum Landing Gear Extended 
Speed (Viz) 


Electrohydraulic System 


a Maximum Landing Gear Operating 
Gear Position Indicators Speed (Vio) 
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Emergency Landing Gear System Carbon Dioxide (CO,) Pressurized 
System 

Hand Crank System 

Hand Pump Hydraulic System 


Freefall System 


QUESTIONS 


1. Which of these are methods of emergency gear extension? 
A. Hand crank, hand pump hydraulic, and electrohydraulic 
B. Hand pump hydraulic, freefall, and the gear warning horn 


C. Hand crank, hand pump hydraulic, and carbon dioxide system 


2. True/False. An illuminated red indicator light generally means that the gear is 
unsafe for landing. 


3. What is the syinbol for the maximum speed you can fly with the landing gear 


extended? 
KINGS 
B. Vig 
(G Vso 


4. How does the gear warning horn work? 
5. Explain when you would retract the gear after takeoff. 


6. What should you do to prevent ice from building on the wheels after takeoff from 
a slushy runway? 


A. Recycle the gear. 


B. Leave the gear extended for 10 minutes after takeoff. 
C. Use the hand crank or hand pump to manually retract the gear. 
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SECTION A 


ADVANCED 
AERODYNAMICS 


Many of the concepts in this section will be familiar from your earlier training, but 
several others will present new information covering advanced aerodynamics. As a 
professional pilot, you will need a more detailed knowledge of the forces that govern 
your flight. 


The four fundamental flight maneuvers — straight-and-level flight, turns, climbs, and 
descents — are controlled by changing the balance between the four aerodynamic forces: 
lift, thrust, drag, and weight. As you know, opposing aerodynamic forces are balanced in 
straight-and-level flight. Lift balances weight, and thrust balances drag. The airplane is 
in a state of dynamic equilibrium, and there is no acceleration in any direction. A change 
in any one of the forces will result in an acceleration until equilibrium is reestablished. 
For instance, you may have noticed that true airspeed increases throughout a long flight 
when you maintain a constant altitude and power setting. The total weight of the 
airplane goes down as fuel is burned, resulting 
in an imbalance between lift and weight. 
Gradually, you unconsciously reduce the angle 
of attack to maintain your altitude, reducing 
the amount of lift the wings generate, and 
restoring the balance between lift and weight. 
The decrease in lift results in a reduction 
in induced drag, creating an imbalance between thrust and drag. The excess thrust 
accelerates the airplane until increasing parasite drag again balances the two forces, and 
the airplane flies on at the higher airspeed. [Figure 12-1] 
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The four fundamentals in maneuvering an 
aircraft are straight-and-le Jhi 
climbs, and descents. 
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The same principles apply in climbs and 
descents. If you create an imbalance between 
the forces, the airplane will accelerate until it 
reaches a new equilibrium. The airplane 
only accelerates during the initial change 
in direction. Once the climb or descent is 
established, the forces are again balanced, 
even though the flight path is now inclined. In a stabilized, constant airspeed climb, a 
portion of the thrust is acting upward, creating a component vector called the lift of 
thrust. In a stabilized descent, the thrust of weight becomes a factor. In both cases, 
upward and downward forces are balanced and forward and rearward forces are 
balanced. All forces are in equilibrium, as they are in straight-and-level flight. 


LIFT 


Formulated in the 17th century, Sir Isaac Newton’s laws of motion are the foundation 
of classical mechanics. Two of his laws in particular are used to describe lift. Newton’s 
second law of motion essentially says that a force results whenever a mass is accelerated. 
His third law states that for every action, there is an equal and opposite reaction. The 
wing causes the air moving past it to curve downward, creating a strong downwash 
behind the wing. As this mass of air is accelerated downward, the reaction force pushes 
the wing up. In level flight, this lift force is equal to the weight of the airplane. In other 
words, lift is simply the reaction that results from the action of forcing air downward. 


| Opposing forces are equal in steady-state 
level flight. 


Newton’s laws describe what happens as air is accelerated downward, but what is the 
mechanism that causes the air to change direction? A flat plate could be used to deflect 
the air, but more efficient airfoils have been developed to maximize lift and minimize 
drag. In general, these airfoils are designed to smoothly and effectively bend the airmass 
in a curved path to create the downwash. 


In normal flight, the air pressure on the bottom surface of the wing is somewhat greater 
than the pressure on the upper surface. When Newton’s second law is applied to a fluid, 


=> 


Once climb is established, 
opposing forces are again 


in equilibrium. Figure 12-1. When you 


initiate a climb or descent, 
you momentarily create an 
imbalance in the four forces, 
which causes the airplane to 
accelerate until the forces 
reach equilibrium again. 

For example, to climb you 
increase the angle of attack, 
creating an excess of lift. If 
thrust remains constant, 

the increase in induced 

drag slows the airplane. This 
reduced airspeed decreases 
the amount of lift, bringing 
lift and weight back into bal- 
ance. Because the thrust 
vector is now inclined 
upward, a portion is acting 
to lift the airplane. 


Lift Due 
to Thrust 


Thrust Acting Along Flight Path 
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such as air, the result is Bernoulli’s equation. Bernoulli states that as the velocity of a 
fluid increases, its pressure decreases. The air pressure above a wing is reduced because 
the shape of the airfoil and the angle of attack cause air to flow faster over the upper 
surface of the wing. Likewise, as air moving along the lower surface of the wing slows 
down, its pressure increases, adding to lift. The net difference in pressure acting over the 
aerodynamic surfaces balances the weight of the airplane in straight-and-level flight. 
These pressure differences cause air to curve 
upward as it approaches the leading edge of 
the wing (upwash), and downward from the 
trailing edge as it leaves the wing. 


Relative wind is directly opposite the flight 
path of the airplane. Three of the four forces, 
lift, drag, and thrust, are associated with the relative wind. Weight, of course, always acts 
toward the center of the earth. The angle between the chord line of the wing and the 
relative wind is the angle of attack. Lift generally acts perpendicular to the relative 
wind, regardless of the wing’s angle of attack. Drag acts opposite the flight path, in the 
same direction as the relative wind. The angle of incidence is the small angle formed by 
the chord line and the longitudinal axis of the airplane. In most airplanes, the angle of 
incidence is fixed and cannot be changed by 
the pilot. The angle of incidence generally 
provides the proper angle of attack for level 
flight at cruising speed so that the longitudi- 
nal axis of the airplane can be aligned with 
the relative wind, helping to minimize drag. 
[Figure 12-2] 


Tip Incidence : 1 

Chord line at tip 
Figure 12-2. On many airplanes, the 
wings are built with less incidence 
at the tips than at the roots. The term 
for this is washout, and it helps 
ensure that the wing roots stall 
before the tips by placing the tips at 
a lower angle of attack. You can see 
the subtle twist from root to tip in this 
Cessna wing. 


LIFT EQUATION 
As you would expect, for any wing there is a definite mathe- 
matical relationship between lift, angle of attack, airspeed, L = Lift 
altitude, and the size of the wing. These factors correspond Cı = Coefficie 
to the terms coefficient of lift, velocity, air density, and wing (This dime 
surface area in the lift equation, and their relationship is a 
expressed in the formula to the right. 


below the stall, 
This shows that for lift to increase, one or more of the four angle of attack.) 
factors on the other side of the equal sign must increase. Lift V = Velocity (Feet per seco 
is proportional to the square of the velocity, or airspeed, so P = Air density (Slugs per 
doubling your airspeed quadruples the amount of lift, if 


S = Wing surface area (Squa 
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Figure 12-3. Notice that the coefficient of lift increases 
steadily until Cmax and then begins to drop as the wing 
stalls. For a given airfoil, a stall always occurs at the 
same angle of attack regardless of weight, dynamic 
pressure, bank angle, or pitch attitude. With this in mind, 


There is a corresponding indicated 
airspeed for every angle of attack to 
generate sufficient lift to maintain altitude. the other side of the equation affect each other. 


everything else remains the same. Likewise, 
if the other factors remain the same while cg si i e 


the coefficient of lift increases, lift will also 
increase. The coefficient of lift goes up 
as the angle of attack is increased, and will 
be discussed in more detaii later. As air 
density increases, lift increases, but you 
will usually be more concerned with how lift is diminished by reductions in air density, 
for example, as you climb to higher altitudes or take off on a hot day. Air density varies 
with altitude, temperature, barometric pressure, and humidity. Finally, larger wings 
generate more lift, all other things being equal. 


lift will be four times greater. : 


Another way of using the equation is to keep lift 
at the same value and notice how the factors on 


On a typical short flight, the weight of the 
airplane changes relatively little, so the amount 
of lift needed to support it stays about the same. To generate the same lift at a certain 
altitude with a reduced airspeed, the equation shows that you must increase the 
coefficient of lift, or angle of attack. Likewise, if you increase airspeed you will have to 
reduce the angle of attack to stay at the 
same altitude. You can see that for any = 7 è ma" . 


particular amount of lift, there is a specific RI 


higher altitude, an airplane must be flown 


combination of angle of attack and 
airspeed. Similarly, since air density 


fly with either a higher angle of attack or a . tiie = 


higher speed to generate the same lift at 
a higher altitude. 


CONTROLLING LIFT 

Four ways are commonly used to control lift. Increasing airspeed generates more lift by 
causing more air molecules to act on the wing, and changing the angle of attack changes 
the coefficient of lift. The two other methods of controlling lift consist of changing the 
shape of the airfoil or varying the total area of the wing. Flaps and leading edge devices 
are examples of how these methods are used in flight. 


The most common method of controlling lift is to vary the angle of attack. This also 
allows you to control airspeed and drag to a certain extent. As you know, increasing 
the angle of attack causes the wing 
to generate more lift, but only up to a 
point. As the wing reaches a particular 
angle of attack, the airflow begins to 
separate, and the amount of lift begins 
to decrease. You can usually feel 
airframe buffeting as the airflow begins 
to separate just before a stall. This angle 
of attack is called Cmax. [Figure 12-3] 
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you can see that a wing can stall at a wide range of 4 b Te 


indicated airspeeds, and that stall speed is not a fixed 


value. 


Angle of Attack in Degrees 
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To jenerate the same amount of lift at a 


at either a a higher angle of attack or a a 
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If the angle of attack and other factors 
remain constant and airspeed is doubled, 


a 


i 


SECTION A 


- 
a 


f 


12-5 


AERODYNAMICS AND PERFORMANCE LIMITATIONS 


The increase in lift also causes an increase in 
induced drag, which slows the airplane 
unless thrust is also increased. Flight at slow 
airspeeds demonstrates this relationship 
clearly. As your airspeed decreases, the angle 
of attack has to increase to maintain the lift 
necessary for level flight. The angle of attack, 
however, can be increased only until CLmax is 
reached. At this point, you can no longer increase lift by increasing the angle of attack, 
and any further increase in angle of attack results in an abrupt loss of lift. In straight-and- 
level flight, Crmax normally is reached as the indicated airspeed approaches the 
published stall speed. Turbulence can cause abrupt changes in the direction of the 
relative wind and result in an increase in the stall speed. Stall speed also increases 
rapidly as G-loading increases during maneuvers such as steep turns. This is because the 
load factor multiplies the effective weight of the airplane, which must be balanced by a 
similar increase in lift from the wings, necessitating a higher angle of attack. High 
G-forces, such as those produced in violent or abrupt maneuvering, can cause a stall at 
speeds twice as high as the level flight, unaccelerated stall speed. The stall speed can be 
affected by a number of things such as weight, 
center of gravity location, load factor, and 
power. Finally, you should never attempt to 
stall an aircraft at a speed above the design 
maneuvering speed, because this can easily 
result in airframe structural damage. 


You usually think of changing angle of attack by changing the pitch attitude with the 
elevator control, but you may also change the angle of attack without changing pitch, for 
instance, by reducing power and holding your pitch attitude. In this situation, the 
airplane would slow, the wing would produce less lift due to the lower airspeed, weight 
would momentarily exceed lift and the airplane would begin to descend, changing the 
relative wind direction, and thus increasing the angle of attack. 


If you were to determine the change in pressure due to the airflow over each square inch 
of the wing, you would find that most places have decreased pressure, but some places 
have increased pressure. This pressure distribution pattern changes as the angle of attack 
is varied. Adding the pressure vectors for the entire wing surface, top and bottom, gives 
a large single vector representing the net lift of the entire airfoil. This vector can be called 
the center of lift, or center of pressure. [Figure 12-4] 


Cambered Airfoil Figure 12-4. Most common airfoils have more curvature on their upper 
Center of Pressure Moves Forward surface, and as angle of attack increases, the center of pressure moves 
forward. The importance of the location of the center of pressure 
becomes evident in the discussion of stability later in this section. With 
a symmetrical airfoil, which has the same curvature on both sides of the 
chord line, the center of 
Symmetrical Airfoil pressure does not 
Center of Pressure Does Not Move move when the angle of 
attack changes. 
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When the angle of attack of a symmetrical i At high angles of attack, pressure increases 
airfoil is increased, the center of pressure will Rd below the wing, and the increase in lift is 
remain unaffected. accompanied by an increase in induced drag. 


HIGH LIFT DEVICES 


In addition to controlling lift with speed and angle of attack, wing design features may 
allow you to change the camber and the area of the wing through use of trailing-edge 
flaps and leading-edge high-lift devices. Some of these devices also delay the separation 
of airflow and lower the stall speed. 


TRAILING EDGE FLAPS 
The most common high-lift device is the trailing-edge flap, which can produce a 
large increase in airfoil camber, increasing both lift and drag. Using flaps can add to 
your rate of descent without increasing airspeed. Consequently they are often used 
to make steeper landing approaches. Since flaps expand the coefficient of lift, they 
also decrease the stall speed. On the other 
hand, raising the flaps increases the 


stall speed — something you may want to »y Flaps increase lift and reduce stall speed, 
remember before you raise them at low A allowing the wing to produce the same lift 
airspeeds or high angles of attack. Four at a lower airspeed. Conversely, raising the — 
basic types of flaps are found on general flaps increases stall speed. 


aviation airplanes. [Figure 12-5] 


į Fowler flaps 

| increase camber, 
increase wing 
area, and help 

| prevent airflow 

i$ separation. 


Plain flaps increase the wing 
camber. 


Slotted flaps increase camber and 


i in ase the wing camber. i 
pge apoinoe is help prevent airflow separation. 


Figure 12-5. Flaps increase lift (and drag) by increasing camber, which also raises the angle of attack. 
In some cases, flaps also enlarge the area of the wing. 


127 


| CHAPTER 12 AERODYNAMICS AND PERFORMANCE LIMITATIONS 


As you can see, plain, split, and simple slotted flaps change the effective camber of the 
airfoil from a high speed, low drag configuration to a shape that is more effective at low 
speeds, but with a high penalty in additional drag. Moreover, flaps with slots also allow 
some of the high pressure air to come to the upper surface of the wing, which increases 
lift by accelerating the air over the top of the wing, thus reducing the pressure there. 
Slotted flaps also improve flow over the trailing edge, delaying separation of the 
airstream and reducing the stall speed. Because of the way Fowler flaps are designed, 
they increase the area of the wings as they move down and back. Adding to the wing area 
also increases lift, while imposing less of a drag penalty. Some airplanes have Fowler 
flaps with multiple slots, further modifying the airfoil camber, wing area, and airflow. To 
increase the camber of the outer portions of the wings, some airplanes are equipped with 
ailerons that move simultaneously downward a few degrees as the flaps are extended to 
further increase lift at low speeds. The mechanism allows the “drooped” ailerons to 
function normally for roll control. Because of the aerodynamic stresses on the flaps and 
their support structure, the maximum operating speed with flaps extended is typically 
lower than the maximum cruising speed for a particular aircraft. 


Because flaps increase lift and reduce the stall speed, many airplanes use them for 
takeoff as well as landing. Used properly, they can reduce ground roll and increase climb 
performance. In general, the first few degrees of flap extension provide the greatest lift 
benefit with the least penalty in drag, while the last few degrees of travel add relatively 
little lift and a great deal of drag. Permissible use of flaps on takeoff varies from airplane 
to airplane, so always comply with the limitations in the POH. 


LEADING EDGE DEVICES 


The leading edges of the wings can also be modified in various ways to increase 
airfoil camber, add more wing area, or delay airflow separation at high angles of attack. 
The simplest leading edge device is a fixed slot. When slots are incorporated into the 
wing structure near each wingtip, they serve a purpose similar to washout, allowing the 
airflow to remain attached over the outer portion of the wings after the roots have stalled. 
When the wing is at low angles of attack, relatively little air flows from the bottom of 
the leading edge through the opening, so slots do not cause a substantial change in the 
effectiveness of the airfoil. Slots are somewhat more effective than washout, since the 
entire wing can be placed at the most efficient angle of attack for a given flight situation. 
With washout, whenever the roots are at the ideal angle of attack, the tips are at a less 
efficient angle. 


Slats are portions of the leading edge which are moved forward and down to create 
a path for air similar to a slot. On many types of aircraft they are deployed 
automatically by aerodynamic pressures. Other aircraft use electrical or hydraulic 
devices to extend them mechanically. The advantage of slats is that the wing is clean 
when they are retracted, yet the benefits of slots are available when needed. Most slats 
also increase the effective wing area, providing additional lift as well as 
delaying airflow separation. The main disadvantages are the weight and complexity of 
the mechanism. 


Leading edge flaps usually increase both wing camber and area. They are generally only 
found on jets, due to their expense, weight, and complexity, and because the 
airfoils of jets, which are optimized for high speeds, need them to create adequate lift at 
relatively low takeoff and landing speeds. [Figure 12-6] 
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Figure 12-6. Leading-edge devices are less common 
than flaps on general aviation aircraft. Used properly, 
they give you more control over the coefficient of lift. 


DRAG 


Reducing the drag force means less thrust is required to fly at a given airspeed, so minimizing 
drag usually makes an airplane more efficient. Likewise, if drag is reduced, an airplane can 
go faster with the same thrust. Ordinarily, drag is separated into two types. Induced drag 
results from the production of lift by the wings, and decreases as the airplane goes faster. All 
other drag is classified as parasite drag, which increases as the square of the speed. 


INDUCED DRAG 
Whenever a wing is producing lift, drag is created as a by-product. The greater the angle of 
attack, the more drag is produced. At low speeds a wing must fly at a higher angle of attack 
to generate enough lift to support the airplane, and more high-pressure air from the lower 
surface comes around the wingtips, forming more powerful vortices, which are the primary 
cause of induced drag. The action of the vortices changes the local relative wind for the 
portion of the wing nearest the tip, which essen- 
tially reduces the angle of attack at the wingtips. 
At higher speeds, a lower angle of attack 
is sufficient to generate the necessary lift, so 
there are correspondingly less powerful wingtip 
vortices, and less induced drag. [Figure 12-7] 


pe 


and it diminishes as speed is increased. 


WING PLANFORM 

The airfoil is only one characteristic of the wing’s 
design. Planform is the term that describes the 
wing’s outline as seen from above. Many factors 
influence the final shape of the planform, including 
the primary purpose of the airplane, the load factors 
and speeds anticipated, costs of construction and 
maintenance, maneuverability, stability, stall and 
spin characteristics, and whether or not the wings 


Induced | drag i isa ej peiden lift oP 
pa acted changes in airspeed. 3 
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Figure 12-7. At low speeds, induced drag is at its maximum, 
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will house fuel tanks, high lift devices, landing gear, etc. The wings may be tapered, the 
leading or trailing edges may be straight or curved, and wingtips may be square or 
rounded. There are advantages and disadvantages to each configuration, and many 
aircraft combine the features of multiple planforms to achieve the desired flight 
characteristics. [Figure 12-8] 


The elliptical wing of a 
Spitfire has excellent 
load distribution char- 
acteristics for high-G 
combat maneuvering 
and low induced drag 
for high speeds. 


Rectangular wings, like those 
f on this Champ, stall first at the 
roots. They are probably the 
best choice for less expensive 
í airplane designs. 


The Cessna 195 has a very efficient 
tapered wing. 


| The Cessna 172 combines the 
| favorable stall characteristics 
| of the rectangular wing with 
the load distribution charac- 
teristics of a tapered wing. 
Note that the overall planform 
approximates an ellipse. 


Figure 12-8. Planforms are selected to take advantage of specific characteristics. 
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The ratio of the root chord to the tip chord is the taper of the wing. Rectangular wings have 
a taper ratio of one, and delta wings have a taper of zero. One of the first things the early 
aeronautical engineers realized is that the area of a rectangular wing nearest the fuselage 
does most of the lifting, while the wingtips provide relatively little lift. They learned that 
tapering the wing saved precious weight and distributed the load more efficiently. The 
downside was that each wing rib needed to be a different size, adding to the time and cost 
of production. Rectangular wings are simpler and more economical to produce and repair, 
since the ribs are the same size. Another benefit of the rectangular wing is that the wing 
roots tend to stall first, providing more warning to the pilot and more control during stall 
recovery. The planform that provides the best spanwise load distribution and the lowest 
induced drag, at least for subsonic airplanes, is an ellipse. The price for this efficiency is 
that the whole wing stalls at about the same time, which is undesirable compared to wings 
that stall progressively from root to tip. Elliptical wings also are among the most difficult, 
expensive and complex to build, so they 
are employed primarily on very efficient 
airplanes such as the Supermarine Spitfire and 
Culver Cadet. 


| Rectan wi D k a tendency to 
stall firs tat the wing r J root, with the stall 
re toward the v wingtip. k 
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Dividing the wingspan by the average chord 
gives the aspect ratio. With some wing plan- 
forms, the average chord can be difficult to determine, so the formula of wingspan squared 
over area is often used, but the result is the same. Aspect ratio is especially important in 
reducing the amount of induced drag produced by a wing. In fact, doubling the aspect ratio 
cuts the induced drag coefficient in half. Increasing the wingspan while keeping the wing 
area the same results in smaller wingtips, which generate smaller wingtip vortices. The 
influence of these vortices on the local relative wind affects a smaller fraction of the wing 
surface, further reducing induced drag. Perhaps you have noticed that airplanes renowned 
for their efficiency, such as sailplanes, long-range transports, high altitude research 
airplanes, and human-powered airplanes all have high aspect ratios. On the other hand, 
airplanes that require extreme maneuverability and strength, like those designed for 
aerobatic competition or air combat maneuvering, generally have wings with a low aspect 
ratio. [Figure 12-9] 


_ Courtesy of NASA Dryden 
Flight Research Cente: 


Courtesy öt Lockheed Martin 


Figure 12-9. A high aspect ratio decreases induced drag for efficient cruise flight. 
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Another element of wing planform is sweep. If a line connecting the 25% chord points 
of all the wing ribs is not perpendicular to the longitudinal axis of the airplane, the wing 
is said to be swept. [Figure 12-10] The sweep can be forward, but almost all swept wings 
angle back from root to tip. Most swept wing designs were developed to delay the onset 
of compressible airflow problems and control the shockwaves that form as an airplane 
flies near the speed of sound and beyond, but a number of relatively low-speed airplanes 
employ swept wings because of their contribution to lateral stability. 
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Figure 12-10. The Hansa business 

jet of the 1960s used forward swept 
wings. In addition to the aerodynamic # 
benefits, this wing arrangement gives 
passengers a better view and allows 
the wing spar structure to pass 
behind the cabin. 


Winglets 


Wing tip vortices cost airplanes a great deal in efficiency and performance, and over the years there have been many 
attempts to block or diffuse them. One of the most effective devices so far seems to be the winglet developed by 
Richard Whitcomb of NASA. These nearly vertical extensions on the wingtips are actually carefully designed, proportioned, and 
positioned airfoils with their camber toward the fuselage, and with span, 
taper, and aspect ratio optimized to provide maximum benefit at a specific 
speed and angle of attack. On most jets, this is the airplane’s cruise speed, 
but some turboprops use winglets to improve lift and reduce drag at low 
speeds. The winglet combines many small factors to increase performance. 


Downwash from the trailing edge of the winglet blocks or counteracts the 
vortices, and even the vortex from the tip of the winglet is positioned to affect 
a portion of the main wingtip vortex. The leading edges of many winglets are 
actually toed out about 4°, but because of the relative wind induced by the 
wingtip vortex, the winglet is actually at a positive angle of attack, and part of 
the lift generated by the winglet acts in a forward direction, adding to thrust. 
Many winglets are canted outward around 15°, which adds to vertical lift and 
increases their aerodynamic efficiency while also contributing to dihedral 
effect. Depending on the application, performance improvements due to 
winglets can increase fuel efficiency at high speeds and altitudes by as much 
as 16 to 26%. 
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GROUND EFFECT 

An interesting thing happens when an airplane flies within a distance from the ground 
(or water) surface equal to its own wingspan or less. The amount of induced drag 
decreases, due to changes in the upwash pattern ahead of the wing, and the downwash 
and wingtip vortices behind the wing. Induced drag is only about half of its usual value 
when the wing is at 10% of its span above the ground. With the reduction in induced 
drag, the amount of thrust necessary is also reduced, allowing the airplane to lift off at a 
lower-than-normal speed. It may feel as though you are getting something for nothing, 
but many pilots have gotten into trouble when using ground effect, either intentionally 
or unintentionally. If you try to climb out of ground effect at too low an airspeed, as 
normal induced drag values accumulate the airspeed may decrease, resulting in a stall. 
As an airplane climbs out of ground effect, more thrust will be required. Since ground 
effect may allow an overloaded or improperly configured airplane to lift off, the pilot 
may believe the airplane will climb when it may only be capable of flying in ground 
effect until it hits something. Ground effect is also responsible for the floating effect you 
may have encountered during the landing 
flare. Since the wing is able to create more lift 
at the same angle of attack in ground effect, the 
pitch angle may need to be reduced slightly to | experience an increase in induced drag — 
maintain a descent. Simultaneously, thrust = and will require more thrust. If the sz me 
will need to be reduced to continue slowing angle of attack is maintained, an airplane will have 
the airplane for landing. On a short field, it is more lift and less induced drag when in ground effect, 
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$ 
An airplane leaving ground effect will = 


hy 
possible that ground effect could cause the air- and, conversely, to generate the same lift within pasts | 
plane to float so far down the runway that effect requires a lower angle of attack. we "E 
insufficient room would remain to stop after . = 


touchdown. [Figure 12-11] 


Figure 12-11. Proximity to 

the ground reduces upwash, 
downwash, and wingtip 
vortices, decreasing induced 
drag. Ground effect is greatest 
close to the surface and 
decreases rapidly with height, 
becoming negligible at an 
altitude equal to about one 
wingspan. 


PARASITE DRAG 

While induced drag diminishes with speed, parasite drag increases. The rate of increase 
is proportional to the square of the airspeed, so doubling your speed quadruples parasite 
drag. [Figure 12-12] This kind of drag is easy to understand; it is the force you feel when 
you put your hand out the window of a moving car. Parasite drag can be subdivided into 
form drag, interference drag, and drag due to skin friction. Form drag is based on the 
shape of the airplane, how well it is streamlined, and how much frontal area it has. For 
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example, an airplane with an abrupt, steep windshield will have more form drag than 
one with a shallow-angled, smooth-flowing windshield design, even if the frontal areas 
are identical. Likewise, if you had a small airplane with exactly the same overall shape 
as a larger airplane, the larger one would have more form drag because of its greater 
frontal area. Even the wing creates a certain amount of parasite drag. If you flew the wing 
at an angle of attack that produced zero lift, it would produce no induced drag. The form 
drag of the wing itself would still exist, however, and would increase with speed. 
Everything that sticks out into the airstream creates form drag: antennas, struts, landing 
gear, entry steps, door handles, and so on. Streamlining is more important than 
you might think. A bracing wire with a round 
cross section has about ten times the drag of 
an equal-strength wire with a streamlined, 
teardrop-shaped cross section. Drag reduction 
is the sole aerodynamic purpose of retractable 
landing gear, and the drag of fixed gear can be 
reduced considerably by enclosing the gear legs in 
streamlined fairings and adding wheel pants 
around the tires. 


Drag (Pounds) 


Figure 12-12. Doubling your airspeed will result in four times 
the parasite drag. This is the same as the relationship of speed 
to lift. The rapid increase in parasite drag at higher speeds is a 
major determinant of an airplane’s top speed. 


Parasite Drag 


120 160 200 240 
Speed (KIAS) 


Interference drag is created when the airflow 
around one part of the airplane interacts 
with the airflow around an adjacent part. 
The greatest amount of interference drag 
usually occurs where the wing joins the 
fuselage of a low wing airplane, since air is 
traveling at a higher speed across the top of 

the wing than the air flowing along the fuselage. 
Many high performance low wing airplanes have 

large wing root fillets to smooth the transition 

and reduce interference drag. [Figure 12-13] 

On high wing airplanes, the high-speed air 

above the wings does not interfere as much with 

the air from around the fuselage, so they usually do 
not need fillets. 


Figure 12-13. To understand interference drag, consider the airflow 
around a wing by itself [A]. Now look at the airflow around the fuselage [B]. 
These two separate flow patterns interact with each other when the wings 
are attached to the fuselage [C], the high-speed, low-pressure air flowing 
over the wing must mix with the relatively low-speed, higher-pressure air 
flowing around the fuselage. Every element of the airframe has its own 
flow pattern. Where these flows mix and interact, interference drag is cre- 
ated. Wing fillets help reduce interference drag [D]. Smaller versions can 
be used to blend tail surfaces and struts into the airframe. 


_ Parasite drag increases in proportion to th 
_ square of the airspeed, thus doubling the 
airspeed will quadruple parasite drag. E 
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Add One of These to Your Airplane and Decrease Drag 75% 


The National Advisory Committee for Aeronautics (NACA) was created in 1915 to “to supervise and direct the 
scientific study of the problems of flight, with a view to their practical solution” This government-sponsored research 
organization has solved many major aerodynamic problems over the years. One of their developments was the NACA cowl, which 
reduced airframe drag by about 75% on radial engine aircraft. It allowed 
higher speeds and better performance on a variety of airplanes, from 
fighters such as the Grumman FSF to private aircraft such as the 
Stinson Reliant. The NACA cowl is shown here on a Cessna 195. 


In 1958, NACA became the National Aeronautics and Space 
Administration (NASA). Although primarily known for their extraordinary 
successes in space exploration, they continue to perform fundamental 
research in aerodynamics that benefits all sectors of aviation. 


Skin friction drag is due to air molecules giving up some of their kinetic energy as they 
contact the skin surfaces of the airplane. Both the total wetted area of the airplane and 
the degree of smoothness or roughness of the skin surface affect this kind of parasite 
drag. Wetted area is a term for the total outer surface area of the airplane. As you might 
guess, it comes from marine engineering, where drag on ship hulls is determined based 
on the part that is under water, or wetted. 


TOTAL DRAG 


As you would expect, adding the induced 
drag to the parasite drag gives total drag. 
Because induced drag decreases as parasite 
drag increases, the curve for the sum of 
both types of drag usually looks something 
like figure 12-14. 


Total ed 


Parasite Drag 


Minimum Figure 12-14. At low speeds, induced drag from 
nde the production of lift contributes most to the total 
drag, but at high speeds most drag is parasite 
drag. The point where the total drag is lowest is 
/ L/Dmax: This is also the power-off glide speed 
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| P that provides maximum gliding distance. 
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D The Eiffel Tower and the Dimples On Golf Balls 


Almost everyone recognizes the Eiffel Tower, but did you know that it was used for aerodynamic ceaeaieh? Alexandre 
Gustave Eiffel was a pioneering aerodynamicist, and the tower was utilized in 1910 to measure the air resistance 
of flat plates. Monsieur Eiffel also formulated many of the basic techniques of wind tunnel testing, and dis researah on the 
aerodynamic characteristics of spheres. He came up with a drag coefficient for the sphere that was E er pem 
the value found by some other researchers, but both values turned out to be correct. The difference is reconciled by taking into 
account the turbulent flow characteristics described by another aerodynamic pioneer, Osborne Reynolds. The Reynolds number is 
a dimensionless ratio that relates the viscosity of a fluid with velocity and distance. It helps to predict where a smooth, laminar flow 
will begin to transition to a turbulent flow as air flows over a surface. It is extremely important in many aspects of aircraft dees, 
but also helps to explain why golf balls with dimples travel more than twice as far as smooth balls of identical size and weight. 


Whenever anything moves through the air, the air molecules close to the surface of the object are slowed down by friction, creat- 
ing a slower-moving boundary layer. At the front of an object, a ball for example, the boundary layer is smooth, and the air outside 
the boundary layer slips over with minimal drag. But farther back, the flow separates from the ball, creating large amounts of drag. 
It is relatively easy to separate the laminar flow, so it breaks away near the widest part of a smooth ball. If the ball has dimples, the 
laminar flow is broken up near the front of the ball, but the turbulence causes the airflow around the ball to resist separation, so 
that it sticks to the ball further back along the trailing side, thus reducing the diameter of the drag-producing wake. It seems 
contradictory to say that introducing turbulence to an airflow, which causes drag, could actually reduce drag, but the amount of 
drag caused by disrupting the laminar flow is relatively small compared with the drag of the larger wake of a smooth ball. 


MAXIMLIM RANGE 


It stands to reason that the airspeed that produces 
the best power-off glide range would also be the 
most efficient in terms of fuel economy. If you 
fly at the airspeed for L/Dmax you will go the 
maximum possible distance for the amount of fuel 
you burn. Efficiency does not equate with speed, 
however. It is also important to remember that the 
airspeed for L/Dmax varies with the weight of the 
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airplane. The angle of attack for L/Dmax does not vary significantly. Since weight 
determines the amount of lift that must be generated for level flight, the airspeed to 
produce that lift varies with weight. 


HIGH DRAG DEVICES 


Although engineers put a lot of effort into minimizing drag, they have also created 
devices solely to produce more drag. Spoilers are deployed from the upper surfaces 
of wings to spoil the sniooth airflow, reducing lift and increasing drag. Spoilers are used 
for roll control on some aircraft, one of the advantages being the virtual elimination 
of adverse yaw. To turn right, for example, the spoiler on the right wing is raised, 
destroying some of the lift and creating more drag on the right. The right wing drops, and 
the airplane banks and yaws to the right. Deploying spoilers on both wings at the same 
time allows the aircraft to descend without gaining speed, and is the principle method 
of glide path control in many gliders and sailplanes. Spoilers are also deployed to help 
shorten ground roll after landing. By destroying lift, they transfer weight to the wheels, 
improving braking effectiveness. Dive bombers from the 1930s were equipped with 
dive brakes to permit extremely steep dives without unmanageable speed increases. 
During World War II, high performance airplanes were approaching the realm of 
transonic flight, where the effects of compressibility would cause buffeting, difficulty in 
recovering from dives, and loss of control. Special dive recovery flaps were created 
for the Lockheed P-38 Lightning and Republic P-47 Thunderbolt, among others. These 
flaps, located on the bottom surfaces of the wings near the leading edge, assisted in the 
recovery from high-speed dives. 


Propeller-driven airplanes have an automatic high drag device whenever the throttle is 
retarded beyond the point where zero thrust is produced. At less than zero thrust, energy 
from the airplane’s forward motion is being used to turn the propeller and engine, 
creating a large amount of drag. This is why most multi-engine airplanes provide 
a means of feathering the propeller blades on a failed engine. The advent of jet 
aircraft increased the need for drag-producing devices for a couple of reasons. First, 
aerodynamically clean jet airframes just did not slow down quickly enough when thrust 
was reduced. Pilots who were used to losing speed as soon as power was reduced had 
trouble adjusting to the slippery new jets. Also, the early jet engines took a relatively 
long time to go from idle to full thrust. If full thrust was needed for a go-around, for 
instance, several seconds could be lost waiting for the engine thrust to become effective. 
As a result, designers added drag-producing devices to manage airspeed so that pilots 
could maintain higher thrust settings during an approach. As jet engine technology 
progressed, spool-up time has improved, however, jet engines are still less responsive 
than reciprocating engines, and speed-retarding devices are useful. Speed brakes are 
found in many sizes, shapes, and locations on different airplanes, but they all have the 
same purpose — to increase drag and provide fairly rapid deceleration. [Figure 12-15] 


Figure 12-15. Speed brakes [A] 
are carefully planned to avoid 
undesirable pitching or trim 
changes. Spoilers [B] can be 
used for roll or glide path control. 
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THRUST 


Thrust is the force that opposes drag, and whenever there is more thrust than drag, 
the airplane accelerates along the flight path until the increasing drag restores the 
equilibrium. In conjunction with drag, thrust is the factor that limits the top speed of an 
airplane. Most airplanes use power generated by their engines to turn propellers, 
converting rotational energy into thrust. Jet engines produce thrust directly, through the 
expansion of burning gases. Interestingly, jets convert some of that thrust into rotational 
energy to turn their compressors and accessories. 


The difference between thrust and power is fundamental to an understanding of aircraft 
performance. Thrust must equal drag in level flight. In other words, a pound of thrust 
must be present for each pound of drag at any airspeed. Parasite drag increases as the 
square of airspeed, so the thrust necessary for level flight at 150 knots will be four times 
the thrust needed at 75 knots, less whatever reduction there is in induced drag. On the 
other hand, power is the rate at which work is done, so it is tied directly to speed. It takes 
less power to do the same amount of work at a slower rate. If an airplane had the same 
amount of drag at low speed as at high speed, it would still take more power to fly at high 
speed, because the work of overcoming drag would be done at a faster rate. Of course, 
drag increases at any speed higher than L/D,,,,, so more thrust is required in addition to 
more power. When using our familiar units of pounds, knots, and horsepower, the power 
required for level flight is defined as thrust required times velocity over 325. (325 is sim- 
ply a constant to convert horsepower in feet per second to knots.) If your airplane has 
300 pounds of drag force at 100 knots, it requires 92.3 thrust horsepower to maintain 
level flight. At 125 knots, the drag force will be nearly 469 pounds, and about 180 thrust 
horsepower would be required. In this example, increasing speed by 25% requires a 
95% increase in power to overcome a 53% increase in drag. [Figure 12-16] 


Figure 12-16. The thrust-required curve [A] looks 
suspiciously like the total drag curve in figure 12-14, 
since thrust must equal drag in level flight. The 
power-required curve [B] is somewhat different, indi- 
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Minimin cating that less power is required at very low 

> De ~ speeds. While the low point of the thrust-required 
curve defines L/Dmax, the lowest point on the power- 

| required curve is at a significantly lower airspeed, 


and marks the minimum power required for level 
flight. Typically, the airspeed for minimum power 
required is 76% of the speed for L/D max- 
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PROPELLER 
EFFICIENCY 


The propeller converts the engine power 
into thrust. In order to obtain maximum deli 

Fie es T 
performance, the propeller must make Begikeg J 
this conversion as efficiently as possible. \ f 
Because it is an airfoil, the propeller is 
subject to all the factors that affect airfoil l i 
efficiency, such as angle of attack and 40 80 
speed. There are additional factors that 
are unique to propellers because of their 
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rotation. The shape of a propeller blade reflects many of the principles you reviewed in 
the lift discussion. It has a low speed airfoil at a high angle of attack near the root where 
the local speed is low, and a high-speed airfoil at a low angle of attack at the tip where 
speeds are much higher. It has a high aspect ratio to minimize induced drag, and most 
have an elliptical planform to distribute the load. Controllable-pitch propellers allow the 
pilot to vary the angle of attack of the blades. As with wings, high angles of attack create 
high induced drag, and that is why the engine slows down when you cycle the propeller 
during your runup. For takeoff, the blades must be in the low-pitch, high rpm setting 
to make maximum use of the engine’s power. In cruise flight, the forward speed of the 
airplane changes the relative wind that the propeller blades encounter, reducing angle of 
attack. When you adjust the propeller pitch in cruise, you restore the blades to an angle 
of attack that provides a higher coefficient of lift, increasing the thrust provided. At peak 
efficiency, some propellers are able to convert 85% or more of the power produced by a 
reciprocating engine into thrust. 


When the propeller’s axis of rotation is different from the airplane’s relative wind, the 
angle of attack of each blade changes continuously through each revolution. The angle 
of attack is at its minimum as the blade is ascending, and reaches its maximum 
as it descends on the other side. This varies the amount of lift, or thrust, produced by 
one side of the propeller disc compared to the other, and is most noticeable during 
climbs. [Figure 12-17] 


Figure 12-17. This is one reason you 


The descending blade is at a higher have to hold rudder pressure in a climb. 


angle of attack in a climb, so the f 
right side of the propeller disc 
creates more thrust. 


Right Side om 


Angle of Attack 


/ Ascending Blade 


Descending Blade 
D Angle of Attack 


The ascending blade has a 
reduced angle of attack in a climb, 


so it generates less thrust. 


MAXIMUM LEVEL FLIGHT SPEED 


There is an upper limit to how much thrust your engine and propeller can produce. 
When maximum thrust is produced, the airplane accelerates until the drag force is equal 
to the thrust. Power and thrust available vary with speed. [Figure 12-18] 
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Fiqure 12-18. The intersection of the power- or thrust- 
required curve with the power- or thrust-available curve 
denotes the maximum level flight speed. 
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Richard T. Whitcomb 


Many aircraft designers are associated with particular airplanes: Howard Hughes with the “Spruce Goose,’ Bill Lear 
with the Learjet, “Kelly” Johnson with most of Lockheed’s advanced military projects, from the P-38 to the F-117, and 
Burt Rutan with innovative shapes like the Vari-Eze, Beech Starship, Voyager, and Boomerang. But some engineers have had 

a profound influence on the aviation industry without ever designing an airplane or working for a manufacturer. Such a person 

is Richard T. Whitcomb. 


eer 


Doctor Whitcomb was working for NACA, the predecessor of NASA, when Convair had a big problem with their new supersonic 
interceptor, the F-102 Delta Dagger. It could not exceed the speed of sound except in a dive. He had done some research a few 
years earlier on the way drag rises as an object nears the speed of sound. Although ridiculed at the time of publication, when his 
area rule was applied to the F-102, performance increased dramatically. Virtually every high-speed aircraft since has applied this 
principle. Later, he worked on developing the supercritical wing, an airfoil that helps to delay transonic drag rise. In the early 


1970s, Dr. Whitcomb came up with the drag-reducing winglets seen on so many production aircraft today. What’s next? Well, he 
has been doing some research on swept propeller blades .... 
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WEIGHT AND LOAD FACTOR 


Weight is the only one of the four forces that does not depend on the flight path. Since weight 
is the force that results from the acceleration due to gravity, it always acts toward the center 
of the earth. The actual weight of the airplane in flight changes very gradually during flight 
as fuel is burned. However, the weight that the wings must actually support also depends on 
the load factor, and may be as much as several times the actual weight of the airplane. 


LOAD FACTOR 


The unit used to measure acceleration is the G, an abbreviation for gravity. Everything tries 
to accelerate toward the center of the earth. When you stand on the surface, that acceleration 
force is resisted by the force of the ground against the soles of your feet. You feel this as 
weight, even though you are not accelerating. The force of lift resists the force of gravity to 
keep an airplane in level flight, and the wings are bearing the weight of the airplane. In both 
cases, you experience an acceleration force of 1 times the force of gravity, or 1G. Even though 
we cannot change the force of gravity, whenever the airplane is changing speed or direction 
the magnitude of the acceleration can be measured in Gs. While weight always acts straight 
down, acceleration forces, or G-forces, can be created in any direction. For example, in a 60° 
banked turn, the acceleration due to gravity added to the acceleration necessary to change 
the flight path results in a 2G force toward the bottom of the airplane. In this situation, the 
wings will have to generate twice as much lift as they would with the wings level in order to 
maintain the same altitude. The load factor is defined as the load the wings are supporting 
divided by the total weight of the airplane. With this in mind, you can understand why 
airplane structures are designed to withstand greater loads than normal flight is likely to 
produce. When an airplane is certified in 
the normal category, for example, each part 
of the structure is designed to do its jobat 
3.8 positive Gs and 1.52 negative Gs. g 
Acrobatic-category airplanes are designed 
for higher load factors, and airliners for 
lower load factors. 


peit Loe? 84 oe] a 
Load factor is the ratio between the lift 
generated by the wings t any given time 4 
‘divided by he total weight of he airplane. 
The design load factor takes into ace the effects 
of acceleration on the co nts ofthe airplane. — 
i ee T 
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A, | DON'T ANOV THAT! 


Obviously, acceleration forces act on your body as well as on the aircraft structure. Some parts of your body are 
more affected than others. In positive G situations, where you are being pushed down into your seat, blood is 
pressed down into your legs and abdomen. This normally is not harmful, except that it reduces the blood available at the top of 
your body — your brain. Any reduction in the blood supply to your brain is bad news. Technically, this is stagnant hypoxia, and it 
can lead to GILOC, or G-Induced Loss of Consciousness. The onset of G-induced hypoxia usually brings tunnel vision as the 
light-sensitive rods in the retina stop supplying peripheral vision. This is quickly followed by gray-out, where the remaining visual 
field begins to fade. At this point, sounds may also seem to fade away or become softer as hearing diminishes. Finally, blackout 
occurs. The onset of these symptoms may occur over a period of seconds, or may be nearly instantaneous, depending on the 
rate of G increase, the total acceleration, and the pilot’s preparation and G tolerance. If the pilot reduces the acceleration forces 
at any stage before the blackout, full function returns almost instantly, and even blackouts may be momentary if Gs are reduced 
immediately. In World War Il, dive-bomber pilots were instructed to tense their legs and abdomens and yell or grunt during 
pullouts from steep dives, in order to help prevent blood from sinking into their lower bodies. Most civilian aerobatic pilots use 
similar techniques. Modern military pilots use G suits, which fit tightly around legs and abdomen. Air bladders in the G suit are 
automatically inflated with compressed air during high-G maneuvers. Pressure breathing systems and whole-body G suits can 
help by forcing air into the lungs while squeezing the upper torso in addition to the lower body, thus helping the heart push blood 
into the head. These systems will probably remain too heavy and expensive for serious competition aerobatic pilots. 


As with other types of flying, your physical condition for flight can have a major effect on your G tolerance. Besides the factors 
mentioned above, an aerobatic pilot’s G tolerance also depends on proper hydration (drinking enough water), proper blood sugar 
levels, the oxygen-carrying capacity of the blood (no smoking), and other general fitness factors. 
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A heavily loaded airplane has a higher stall speed than the same airplane with a light load. 
This is because the heavily loaded airplane must use a higher angle of attack to generate the 
required lift at any given speed than when lightly loaded. Thus, it is closer to its stalling 
angle of attack, and will encounter Cmax at a higher airspeed. This is important to remember 
when flying a heavily loaded airplane at low airspeeds, since a bump, gust, or abrupt control 
movement could result in a stall. This property also means that at low speeds and/or high 
weights, abrupt use of the controls results in a stall instead of a structural overload. In this 
case, the stall acts as a safety valve, reducing the load factor prior to airframe damage. 


At high speeds, the controls are more effective, and abrupt control movements can increase 
G loads so quickly that the structure could be damaged before the stalling angle of attack is 
reached. The maximum speed at which full or abrupt use of the controls will result in a stall 
rather than structural damage is the maneuvering speed (Va). The maneuvering speed will 
vary with the airplane’s total weight, since a lightly loaded airplane is easier to accelerate, 
and it will also have a larger margin between the angle of attack necessary for level flight and 
the stalling angle of attack. It takes less force, whether from an abrupt control movement or 
a from a gust or bump, to create a high-G situation, so the maneuvering speed is reduced. The 
maneuvering speed depicted on a cockpit placard is calculated for the maximum weight of 
the airplane, but V, for other weights may be found in some 
POHs. The formulas used to calculate V, are shown below. Va. = Va VW; 


Va, = Maneuvering Spe 


Va = Vs VN limit 
Vi Maneuvering Speed (for this v 
Vs = Stall Speed (for this weight) 
n timit = Limit Load Factor 


Va = Maneuvering Speed 
(at maximum weight) 


Wz: = Actual Airplane Weight 
W: = Maximum Weight 


THE V-G DIAGRAM 


Several of the factors that define an airplane’s performance envelope can be combined in 
graphic formats. The V-g diagram is one example, relating velocity (V) to load factor (G). 
Each V-g diagram applies to one airplane type and the information is valid only for a specific 
weight, configuration, and altitude. V-g diagrams show the maximum amount of positive or 
negative lift the airplane is capable of generating at a given speed. They also show the safe 
load factor limits and the load factor, or number of Gs, the airplane can sustain at various 
speeds. Flying within the boundaries depicted by the diagram minimizes the risk of stalls, 
spins, and structural damage. [Figure 12-19] 
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Major points of the V-g diagram include the curved lines representing positive and 
negative maximum lift capability. These lines portray the maximum amount of lift the 
airplane can generate at the specified speed. The intersection of these lines with the 
vertical speed lines indicates the maximum G-load capability at that speed. If you exceed 
the G-load limit at that speed, the airplane will stall. For example, at a speed of about 97 
knots, this airplane will stall with a load factor of two Gs under the conditions represented. 
The horizontal positive and negative load factor limits represent the structural limitations of 
the airplane. Exceeding these values may cause structural damage. 


Another important line on the V-g diagram is the normal stall speed, Vs. Note that at 
this speed, the airplane stalls at one positive G. This is the same speed shown by the lower 
limit of the green arc on the airspeed indicator. Above the one-G load factor, stalling 
speed increases. Any stall which occurs above the straight-and-level load of one G is an 
accelerated stall. 


As discussed earlier, maneuvering speed (V4) is the maximum speed at which you can 
use full and abrupt control movement without causing structural damage. V, occurs at 
the point where the curved line representing 

maximum positive lift capability intersects the —— 
maximum positive load factor limit. At this ay 
speed, a load in excess of 3.8 Gs will result in 
a stall. Above this speed, G loads may cause 
structural damage before a stall occurs. 


Vo mann se = 
speed dur Top ns while V 
ee a Above 

lesign limit load factors may be exce Tle S ire i 


“encountered, cien structural d or failure. em 

The vertical line at a speed of 160 is the maxi- figure 1 CET 2 = a M “4 =] 
Gat S w © Li a 

mum structural cruising speed (Vyno). It should CT yam 3 tan ee 


not be exceeded in rough air. The speed range 

from Vs to Vyno is the normal operating range and corresponds to the green arc on the 
airspeed indicator. The vertical line at a speed of about 195 represents the never-exceed 
speed, Vyg. This speed corresponds to the red line. If you fly faster than Vyg, there is a 
possibility of control surface flutter, airframe structural damage, or failure. The range from 
Vyno to Vye is the caution range represented by the yellow arc on the airspeed indicator. 
Because turbulence and gusts are more likely to cause high load factors at higher speeds, 
this speed range should be used only in smooth air. 


AIRCRAFT STABILITY 


In unaccelerated flight, the airplane is in a state of equilibrium. Stability describes how the 
airplane reacts when that equilibrium is disturbed, either by control inputs, or by external 
factors such as gusts or bumps. A certain amount of stability is desirable, in most airplanes. 
It makes them easier to fly, especially on instruments or in turbulence, since the airplane 
tends to return to the trimmed attitude. It is possible to have too much stability, however. If 
the airplane is too resistant to changes in attitude, the pilot will have to use more effort to 
maneuver or change direction, so designers try to reconcile the need for stability with the 
contrasting needs for maneuverability and controllability. While most aspects of stability 
are designed into the airplane, the pilot’s 
actions can affect stability in several 
ways. [Figure 12-20] 


Pitch 


Figure 12-20. Stability l ‘ 

characteristics can be oe 
described for each of ~ 
the airplane’s three 
axes of rotation. 


Lateral Axis — Vertical Axis 
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STATIC STABILITY 


Static stability is the most basic way of looking 
at stability. A system in equilibrium can only 
respond to a disturbance in one of three ways. If 
it initially tends to return toward equilibrium, 


initially to return to equi 
-An airplane that remains in 


it has positive static stability. If it initially tends without returning esc eq it 
to move away from equilibrium, it has negative away from equilibrium displays paue u 
static stability. If it does neither, it displays an airplane tends initjally to moa away re 
neutral static stability. [Figure 12-21] when disturbed, it has negative static st 
POSITIVE NEUTRAL NEGATIVE 


Figure 12-21. Static 
stability characteristics 
can be seen all around 
you. Note that in each 
example the system is 
in equilibrium for the 
moment. If disturbed, 
the systems on the left 
will tend to return to 
their former positions, 
those in the center 

will remain in a new 
position, and those 

on the right will move 
away from their former 
positions. 
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DYNAMIC STABILITY 


While static stability refers to the initial response of a system to a disturbance, dynamic 
stability describes how the system responds over time. What we will call dynamic 
stability is more correctly called damping, and refers to whether the disturbed system 
actually returns to equilibrium or not. The degree of stability can be gauged in terms of 


how quickly it returns to equilibrium. Again, the response can be described as positive, 
neutral, or negative. 
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Dynamic stability can be further divided into oscillatory and non-oscillatory modes. To 
see the difference, think of a smooth bowl with a marble at rest on the bottom. The 
system is in equilibrium. If you move the marble up the side of the bowl and let it go, you 
disturb the equilibrium. The marble rolls down the side and up the opposite side, then 
back across the bottom. After a series of oscillations, the marble comes to rest on the 
bottom again, showing positive static and oscillatory positive dynamic stability. If you 
do the same thing with a cotton ball in place of the marble, you see an example of 
non-oscillatory positive dynamic stability, as the cotton ball simply slides to the bottom 
without oscillations. 


Negative dynamic stability, or instability, can also be oscillatory. As a top spins, it is 
held by gyroscopic forces in a stable state. These forces weaken as the top slows down, 
and a small wobble develops, which grows until the top loses all stability, and 
falls over. Dynamic pitch instability in an 

aircraft might mean that a small disturbance 

in equilibrium, if uncorrected by the pilot, amiken in nly s s 
would result in a series of pitch oscillations, y per 
each greater than the last, until the aircraft Sa a - 
structure failed from overload stresses. i 
[Figure 12-22] 


If it returns to directly to the 
equilibrium without oscillation, 
it also has positive non-oscillatory 
dynamic stability. 


Bump 


The airplane may also display 
positive static and negative 
dynamic stability. 


i But, if it returns to the equilibrium 


Bump after a series of oscillations, it has 
positive oscillatory dynamic stability. 


Figure 12-22. Various stability conditions are 
described by combining the characteristics of 
static and dynamic stability with the presence 
or absence of oscillation. These examples deal 
only with pitch, but the terms are also applied 
to yaw and roll stability. 


Bump 


LONGITUDINAL STABILITY 


For an airplane to be stable in pitch, or longitudinally stable about the lateral axis, it 
must return to the trimmed pitch attitude if some force causes it to pitch up or down, 
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whether the pitch change is caused by a 
bump, gust, or control input. Most training 
airplanes exhibit positive dynamic stability, 
or positive damping, in pitch. 


Longitudinal sta 


| 


the es 


Longitudinal stability is achieved in most 
airplanes by locating the center of gravity 
slightly ahead of the center of lift of the wings, which makes the airplane tend to pitch 
down. This nose-heaviness is balanced in flight by a downward force generated by 
the horizontal tail. On many airplanes, the horizontal stabilizer and elevator form a 
cambered airfoil with the greater curvature on the bottom surface to create this tail-down 
force. Others use a symmetrical airfoil so that the left and right parts are interchangeable. 
On some airplanes, the stabilizer is installed with a slightly negative 
angle of incidence; on others, pitch trim is adjusted by 
changing the angle of the horizontal stabilizer. In 
cruising flight, the wings must generate 
somewhat more lift than the actual 
weight of the airplane to compensate 
for the negative lift of the tail-down 
force. [Figure 12-23] 


Nose Down 
Moment 


Figure 12-23. Tail-down force compensates for the 
nose-down moment that results from the center of 
Tail-Down gravity being located ahead of the center of lift. 
Force 
Tail-down force contributes to pitch 
stability because of the way it changes in 
response to pitch disturbances. If a properly 
trimmed airplane is pitched up, the negative 
angle of attack of the stabilizer is reduced and increased 
drag causes a drop in airspeed, both of which reduce the tail-down 
force, allowing the airplane to pitch down. As the airplane then pitches down and 
accelerates, the increasing angle of attack and increasing airflow at the horizontal tail 
increase the tail-down force, raising the nose and causing the airspeed to decay 
again. After a series of progressively smaller oscillations, the airplane returns to level 
flight. [Figure 12-24] 


Gravity 


STETA 


When the trimmed airplane pitches 


Figure 12-24. The 
changing angle of attack 
and airflow over the tail 
varies the amount of 
tail-down force. 
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If the airplane is loaded with the center of gravity farther forward, you can see that the 
tail-down force must be increased to keep the airplane in trim. This adds to longitudinal 
stability, since the additional nose heaviness makes it more difficult to raise the nose, 
while the additional tail-down force makes it more difficult to pitch the nose down. 
Small disturbances are opposed by more powerful forces, so they tend to damp out more 
quickly. If the CG is too far forward, there may not be enough elevator authority to raise 
the nose, either for takeoff or to flare for landing. Conversely, as the CG is located further 
aft, the airplane becomes less stable in pitch. If the airplane is loaded so that the CG is 
actually behind the center of lift, the tail must exert an upward force to prevent the 
nose from pitching up. If a gust pitches the nose up in this situation, the reduction of 
airflow over the tail will allow the nose to pitch up further, a classic example of negative 
stability, or instability. Any disturbance of this precarious equilibrium will result 
in greater divergence from the trimmed condition. This is an extremely dangerous 
situation. The aft CG also makes it easier to stall or spin, there is more likelihood that a 
spin will go flat, and recovery may be impossible. If the CG coincides with the center of 
lift, control forces will be at their minimum, but the airplane will be difficult to 
fly, requiring constant attention and continuous control input even in calm air. In most 
airplanes, proper loading requires the CG to be forward of the center of lift. 


LATERAL STABILITY 


Stability around the longitudinal axis, or lateral stability, is the tendency of the airplane 
to return to a wings-level attitude following a roll deviation. Airplanes ordinarily have 
little resistance to roll inputs, and if you bank a few degrees in coordinated flight and let 
go of the controls, most airplanes show neutral static stability in roll. Most efforts to 
enhance lateral stability take advantage of the fact that when roll occurs accidentally, as 
the result of a bump or gust, it is almost always accompanied by a sideslip. Airplane 
designers use the forces and relative wind effects of the sideslip to return the airplane to 
a wings-level attitude, and still provide comfortable roll control forces for intentional 
turns. Wing dihedral and sweep are two methods of increasing lateral stability without 
adding to roll control forces. 


Dihedral works because the relative wind during a sideslip increases the angle of attack 
on the lower, upwind wing while the higher wing experiences a reduced angle of attack. 
The difference in the lift produced tends to roll the airplane out of the slip, while the 
increase in induced drag on the lower wing helps to yaw the airplane into the relative 
wind. [Figure 12-25] 


Figure 12-25. Dihedral 
uses relative wind from 
the sideslip to create more 
lift on the upwind wing. 
This is how the relative 
wind sees the airplane in 
a sideslip. Notice how 
much more you can see of 
the bottom of the nearer 
wing. This translates to 
additional angle of attack, 
and means that the wing 
will develop more lift than 
the downwind wing, rolling 
the airplane back to level 
flight. 


Walking around airport ramps, you may have noticed that low-wing airplanes generally 
have much more dihedral than high-wing types. The difference is due to the way the 


relative wind is influenced by the fuselage during a sideslip. In high-wing airplanes, the 
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relative wind creates an upwash near the wing root at the leading edge of the upwind 
wing, and a slight downwash at the root of the downwind wing. This increases the local 
angle of attack on the upwind wing while decreasing it on the downwind wing, with 
the resulting difference in lift tending to roll the airplane out of the slip. The situation 
is reversed with a low-wing airplane; the sideslip creates a downwash for the upwind 
wing and an upwash for the downwind wing, which tends to increase the roll into 
the sideslip. Low-wing airplanes need to have a certain amount of dihedral to overcome 
the destabilizing effect of the fuselage, and an additional amount to provide lateral 
stability. [Figure 12-26] 


Figure 12-26. Low-wing 
airplanes need more 
dihedral because of 

the way the fuselage 
influences airflow at 

the wing roots. Both of 
these airplanes are slip- 
ping to their right. Note 
how the fuselage causes 
air to flow under the 
upwind wing of the low- 
wing airplane, and over 
the upwind wing of the 
high-wing airplane. 


Long before swept wings became necessary to deal 
with the problems of drag rise and shockwaves at 
transonic speeds, designers used them to assist with 
lateral stability. Sweepback is especially useful 
when dihedral would be inappropriate, such as on 
an aerobatic airplane that needs lateral stability 
while inverted as well 
as when upright. [Figures 
12-27 and 12-28] 


The relative wind sees 
this as a longer wing. 
The additional lift 


tends to correct the 
sideslip. 


Figure 12-27. With rearward 
swept wings, the upwind wing 
in a sideslip will be more 
perpendicular to the relative 
wind, increasing its apparent 
wingspan, and, therefore, the i 
amount of lift it creates. This lift P 
tends to roll the airplane back downwind wind. £ 


to a wings-level attitude. f / 


You can see the 
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Figure 12-28. The Bucker Jungmann of 1934 
used swept wings to provide lateral stability in 
both upright and inverted flight. This design 
feature has also been used in many other 
aerobatic airplanes. 


Most airplanes have a moderate amount of lateral stability, since too much would make 
them difficult to control in turns, and would hamper crosswind takeoffs and landings. 
In fact, some airplanes are designed with negative dihedral to counteract some of the 
dihedral effect that results from their swept wings. [Figure 12-29] 


Figure 12-29. These airplanes 
counteract unwanted lateral 
stability with negative dihedral. 


DIRECTIONAL STABILITY 


Stability in yaw, or resistance to undesired rotation around the vertical axis is 
called directional stability. The vertical tail and the sides of the fuselage contribute 
forces that help to keep the airplane’s longitudinal axis aligned with the relative 


wind. [Figure 12-30] 


| Roll Force 


Figure 12-30. The tendency of the 
airplane to weathervane into the relative 
wind is due to the greater side 
area behind the center of gravity, 
plus the force created by the 
vertical stabilizer. Because most 
of the area of the vertical tail 

is above the longitudinal axis 

of the airplane, in a sideslip it 
also creates a small rolling force 

in addition to yaw, contributing somewhat to gale vc os 
lateral stability. Uncoordinated yaw changes the 

angle of attack of the vertical stabilizer, creating a sideways 

force to restore the airplane’s alignment with the relative wind. k Tee 
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EFFECTS OF LATERAL AND 
DIRECTIONAL STABILITY 


Although the design factors that contribute to lateral and directional stability are care- 
fully balanced to complement each other in flight, the complex manner in which they 
interact leaves many aircraft with a certain degree of instability in yaw and roll. Many of 
the design compromises are dictated by the wide 5 ; 
speed range over which the aircraft must operate, 
for instance, the design elements that provide 
stability in a low speed configuration for takeoff | 
and landing may lead to undesirable flight charac- 
teristics at high speed, and vice versa. Two of the 
most common problems are Dutch roll and spiral 
instability. 


Dutch roll, or oscillatory lateral instability, is usu- 
ally a consequence of too much dihedral effect, 
from the combination of actual dihedral, sweep- 
back, a high wing configuration, relatively small 
vertical tail, and/or other factors. In Dutch roll, the | 
airplane makes a continuous back-and-forth rolling | 
and yawing motion with the roll out of phase 
with the yaw. Dutch roll is usually dynamically 
stable, that is, the oscillations tend to decrease in 
amplitude, but if the oscillation is weakly damped 
it may continue for a relatively long time, making it 
objectionable. In some airplanes, Dutch roll can be 
aggravated by the pilot’s attempts to correct it, a 
form of pilot-induced oscillation. [Figure 12-31] 


Figure 12-31. Dutch roll is a combined sequence of 
rolling/yawing oscillations, with the airplane always 
yawing away from the direction of bank. 


If an airplane has strong directional stability 
relative to its lateral stability, it may display spiral 
instability. When a bump or gust produces a 
side slip in an airplane with spiral instability, its 
powerful directional stability tends to yaw the 
airplane back into alignment with the relative 
wind. As the outside wing travels faster it generates 
more lift, tending to roll the airplane in the 
direction of the yaw. This rolling force overcomes 
the comparatively weak dihedral effect, allowing 
the roll to progress. As the vertical component 
of lift decreases, the relative wind has an 
upward component, and as the airplane swings 
into alignment with the airstream, the nose begins 
to drop. This results in a gradually tightening spiral 
dive known as the graveyard spiral. Despite the 
name, which dates from the days when pilots 
attempted flight into IFR conditions without ade- 
quate instruments, spiral instability is generally 
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Figure 12-32. The mild divergence caused by spiral 
instability is usually easy to correct, but can lead to 
a steepening spiral if allowed to develop. 


considered less objectionable than Dutch P 


roll. A certain degree of spiral instability is 
considered acceptable, so designers usually D 
try to minimize Dutch roll by placing more 


emphasis on directional stability. [Figure 12-32] 


AERODYNAMICS 
AND FLIGHT és 
MANEUVERS i 


Designers devote as much attention to an airplane’s 
handling characteristics in maneuvering flight as they do 
to its stability. A great deal of an airplane’s performance and 
appearance is dictated by the aerodynamic considerations of 
maneuvering flight. 


STRAIGHT-AND-LEVEL 
FLIGHT 


If you remain in straight-and-level flight, your maneuvering is limited to speeding up or 
slowing down. Maintaining straight-and-level flight while changing airspeed involves 
managing three of the four aerodynamic forces simultaneously. To reduce airspeed, 
you must create an excess of drag, usually by reducing thrust, although speed brakes, 
landing gear, or other devices are used in some circumstances. As the airplane slows, lift 
diminishes, so you increase the angle of attack to maintain altitude. When drag has 
dropped to a value that matches the new thrust level, equilibrium is restored. If you slow 
to a speed that requires an angle of attack near the stall, you may obtain more lift by 
changing the wing camber or area with flaps or other high lift devices. Since these also 
increase drag, additional thrust will be 
required to maintain the desired airspeed. 
To increase airspeed, either thrust must be 
added, drag reduced, or both. As the speed 
increases, the angle of attack will need to 
be reduced to keep additional lift from 
causing the airplane to climb. 


CLIMBS 


A climb is normally initiated by increasing the angle of attack, which momentarily 
increases lift. The additional induced drag slows the airplane, unless thrust is added, 
and the excess lift quickly returns to equilibrium. Whether thrust has been added or not, 
the thrust vector remains at a slight upward angle to the relative wind, and it is this ver- 
tical component of thrust that causes the airplane to climb. If you raise the nose without 
adjusting the power, you divert thrust from opposing drag and instead use it to create a 
difference between power required for level flight and power available, and it is this 
excess power that sustains a climb. The relationship between power and airspeed is easy 
to see on a graph. [Figure 12-33] 
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The airspeed where the difference between thrust 
required and thrust available is greatest corresponds to 
the maximum angle of climb (Vx). Since engine-propeller 
combinations produce maximum thrust at low speeds, 
Vx is on the back side of the curve near the stall. 


Transitioning to a climb, angle of attack 
increases and lift momentarily increases. 


Figure 12-33. The left graph shows thrust required and 
thrust available at different speeds, and the right graph 
shows power required and power available under the 
same conditions. The difference between power 
required and power available determines the rate of 
climb, while the difference between thrust available and 
thrust required determines angle of climb. 
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Thrust Increase - Where the power difference is greatest, there is 
= maximum excess horsepower which can be used 
to increase altitude. This will be the airspeed that 
provides maximum rate of climb (Vy). A faster or 
slower airspeed will reduce the amount of excess 
power and decrease the rate of climb. 
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If thrust is increased over the amount 
required for level flight at that airspeed, 
there will be an acceleration. If the same 
airspeed is maintained by raising the 
nose, lift will exceed weight for a few 
moments until equilibrium is restored 


and the airplane is established in a climb. A Power Required 


If the nose is held down to maintain 
level flight, the airspeed will increase 


until drag balances thrust at a higher 
point on the curve. 


Power Available and Power Required (HP) 
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FACTORS AFFECTING CLIMB PERFORMANCE 
Airspeed affects both the angle and rate of climb. At a given airplane weight, a specific 
airspeed is required for maximum performance. If your airspeed is faster or slower than 
best climb speed, climb performance will decrease. Generally, the larger the speed 
variation, the larger the performance variation. Weight also affects climb performance. If 
you change the weight of the airplane, you also change the drag and power required. 
As you increase weight, you reduce the maximum rate of climb and maximum angle 
of climb. 


As you know, climb performance decreases with altitude. This is because more power 
and thrust are required, but the power and thrust available decrease with altitude. The 
airspeed necessary to obtain the maximum angle of climb increases with altitude, but the 
airspeed for the best rate of climb decreases. The point where these two airspeeds 
converge is referred to as the airplane’s absolute ceiling. When the best rate of climb is 
zero and the airplane cannot climb any higher, it has reached its absolute ceiling. 
Because the rate of climb deteriorates to nearly zero as the absolute ceiling 
is approached, a more practical value is commonly used. The service ceiling is the 
pressure altitude where the maximum rate of climb is 100 f.p.m. For multi-engine 
airplanes, the service ceiling with one engine inoperative is the pressure altitude where 


the airplane can climb at 50 f.p.m. with one propeller feathered. These ceilings vary with 
temperature and aircraft weight. 
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GLIDES 


In the event of an engine failure, you will probably be interested in flying the airplane at 

the minimum glide angle so you can travel the maximum distance for the altitude you 
have available. As mentioned before, the 

best glide performance is at the maximum 

lift-to-drag ratio, or L/Dmax. This occurs at Approximate gliding distance can be found 
a specific value of the lift coefficient and, Rè by multiplying your altitude AGL by the L/D 
therefore, at a specific angle of attack. ratio. Glide ratios for various angles of attack 
[Figure 12-34] are obtained from an L/D graph. See figure 12-33. 
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Figure 12-34. This graph shows the curves for the coefficient of drag, Cp, and coefficient of lift, C_, as well as the curve 

ack for 
graph alse shows you the L/D value you could expect for other angles of att atio is also 
to determine how far this particular airplane will travel in a power-off glide at any 

is no wind. For example, if you were gliding at an angle of attack of 10°, you would 

|1 feet 


the glide ratio, you ca 
given angle of attack 


a : j N c thana \ i at 2 aTa) tAn 
expect a glide ratio of eet forward for every foot of altitude lost. If you began your glide at 3,500 feet AC L, 
t 1 AN VERTI TROPES Re = f nitan af E + RN no banal r OQ | 22 =f \ ` J 
you could glide 38,501 ally (7 00) at that angle of attack, or about 6.3 autical miles (< 076). 
Gli je sa ngle of attack, lets you travel about 7.2 miles, or about 13% farther 


at 10° is the 


I 
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TURNS 

Newton’s first law of motion says that an object in motion tends to remain in motion 
in a straight line unless acted on by some outside force. In order to turn an airplane, 
you provide that force through the flight controls, and this causes an acceleration. The 
acceleration continues for as long as you are preventing the airplane from following a 
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As the angle of bank is increased, the verti- 
cal component of lift decreases as more of 
| the total lift is directed horizontally. To com- 
pensate for the loss of part of the vertical component of 
lift in a turn, you must increase the angle of attack by 
using elevator back pressure. 


Figure 12-35. In a bank, part of the lift acts 
vertically to support the weight of the airplane, 
and part of it acts horizontally to change the 
flight path. As you can see, in order to balance 
weight, the wings must generate more lift than 
in straight flight, and that is why you must 
increase the angle of attack by adding back 
pressure to maintain altitude in a turn. 
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_- Vertical Component of Lift 
to Support the Weight of 
the Airplane 


Horizontal 
Component s 
of Lift Creates ~_ 
Acceleration 
Force to Change 
the Flight Path 


straight line, that is, for as long as you are turning. When you 
roll the airplane into a bank, some of the lift of the wings is 
directed to the side, and it is this horizontal component of lift 
that causes the airplane to turn. [Figure 12-35] 


LOAD FACTOR IN TURNS 

The increase in weight that you feel in a turn is due to the inertia of your own body as 
it tries to continue along a straight path rather than the curving flight path of the 
airplane. This is in accordance with Newton’s second law of motion, which describes the 
relationships between force, acceleration, and mass. Briefly, a force acting on a certain mass 
will create a proportional acceleration. The more force you exert through the flight controls 
to change the airplane’s path away from a straight line, the more acceleration you will feel. 
The lift of the wings exerts this force on every part of the airplane, increasing the load factor. A 
steeper bank means a greater horizontal component of lift, which corresponds to a higher 
load factor. Therefore, in a properly coordinated turn, the steeper the bank, the higher the 


flight load factor. [Figure 12-36] 


in the 45° bank is 1.19 x 62 = 74 KIAS. 


The stall speed increase is 19%, so the stall speed 


Suppose you are flying an airplane with a wings-level 
stall speed of 62 KIAS. To find the stall speed in a 
45° banked turn, go up to the Stall Speed Increase 
curve. 


Figure 12-36. The relationship 
between angle of bank, load 
factor, and stall speed is the 
same for all airplanes. You can 
use this graph to find the load 
factor in turns for any airplane, 
as well as the percentage the 
stall speed will increase. 
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factor at 45° is less than 1.5G. 


To find the load factor, go up to the Load Factor 
curve and read across to the proper scale. The load 
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The constant load factor generated in a coordinated, level turn does not depend on the rate 
or radius of turn, but on the bank angle. Load factor remains constant if there is no change 
in bank angle. At a bank angle of 60°, the load factor is 2Gs, which means that the wings are 
supporting twice the weight of the aircraft. 


Load factor in turns increases at steeper bank angles, as does the stall speed. In a 
coordinated, level turn at a given bank angle, all airplanes will experience the same load fac- 
tor and the same percentage of increase in stall speed over their wings-level stall speed. See 
figure 12-35. 


RADIUS AND RATE OF TURN 

Two variables determine the rate and radius of a turn. A steeper bank reduces turn radius 
and increases the rate of turn, but produce higher flight load factors. Reducing airspeed does 
the same thing, but without increasing the load factor. The radius of turn at any given bank 
angle varies directly with the square of the airspeed, that is, at twice the airspeed, the radius 
of the turn will be quadrupled, if the bank remains the same. The rate of turn also varies 
with airspeed, at any given bank angle, so slower airplanes require less time and area to 
complete a turn than faster airplanes at the same angle of bank. [Figure 12-37] 
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A given airspeed and bank angle will 
produce a specific rate and radius of 
turn in any airplane. In a coordinated, 
level turn, an increase in airspeed will 
increase the radius and decrease the 
rate of turn. Load factor is directly 
related to bank angle, so the load 
factor for a given bank angle is the 
same at any airspeed. 
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COORDINATION IN Y ihe Nee NNN AG S e 
TURNS — canoe EA 
Before the first airplane flew, the a e. E Turn Rallus zs 


Wright brothers experimented with 
control systems on their gliders. They 
found that they could turn by tilting 
the lift of the wings, which they 
accomplished by changing the camber True Airspeed, Kn 
on the outer portions of the wings. : 

They used a system of wires and Figure 12-37. This graph will work for any airplane. The example 
pulleys to twist the trailing edges of shows that for a turn at 130 knots and a bank angle of 20°, the 
the wings down on one side and upon radius will be 4,200 feet and the rate of turn will be 3° per second. 
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the other. The Wrights soon found that their gliders tended to yaw away from the 
direction of bank, due to the increase in induced drag on the side with the greater 
camber. Subsequently, they fitted a vertical rudder to assist them in keeping the aircraft 
aligned with the flight path, and most of the airplanes since have followed the same 
strategy for turning. In general, ailerons have replaced wing-warping as the method of 
changing the camber of the wingtips, so we refer to the tendency to yaw away from the 
bank as adverse aileron yaw, or simply adverse yaw. This effect is most noticeable at low 
airspeeds, where larger control movements are required for a given change in attitude, 
and the down-turned aileron creates proportionately more induced drag. Proper use of 
the rudder overcomes adverse yaw. 


The ball in the inclinometer indicates whether your airplane is aligned with its flight 
path. If you do not use enough rudder for the bank angle, the airplane yaws to the 
outside of the turn, and the ball moves to the inside, indicating a slip. Conversely, using 
too much rudder for the amount of bank yaws the airplane to the inside of the turn, 
displacing the ball to the outside, indicating a skid. The same forces that cause the 
ball to move will try to shift your body sideways in the seat. This is one reason why 
maintaining coordinated flight without watching the ball is known as flying by the seat 
of your pants. Because slips increase drag, they are sometimes used to lose altitude 
without gaining speed. Some airplanes restrict intentional slips for aerodynamic or 
structural reasons. In addition, slipstream disturbances at the static ports may cause 
indicated airspeed errors during slips. 


STALL AND SPIN 
AWARENESS 


Most stall/spin accidents occur when the pilot is momentarily distracted from 
the primary task of flying the aircraft. Because of this, the FAA requires training that 
emphasizes recognition of situations that could lead to an unintentional stall and/or 
spin. An understanding of the aerodynamics of the stall and spin will help you avoid 
such situations, as well as improve your chances for a safe recovery should an uninten- 
tional stall or spin occur. 


STALLS 


As you know, at any angle of attack beyond C,,,,x, the airflow can no longer follow 
the upper surface of the wing, and the flow separates. The wing loses lift, and the 
airplane accelerates downward because weight exceeds lift. Unless the pilot takes action 
to restore lift, the airplane will sink all the way to the ground. In every case, lift can 
be restored by decreasing the angle of attack, however, if the stall occurs near the 
ground or if the controls are incapable of reducing the angle of attack, recovery may 
not be possible. 


CAUSES OF STALLS 

The stall always occurs at the same angle of attack for any particular airfoil, regardless 
of weight, load factor, attitude, airspeed, or thrust. However, each of these factors does 
influence the stall speed. An airplane can stall at any airspeed, in any attitude, and at 
any power setting. The airflow separation is really a progressive event. It begins as the 
angle of attack approaches Ctmaw and the rate of increase of the C, begins to flatten out. 
As the angle of attack increases to Cymax and beyond, the separation increases, lift 
decreases, and drag increases. There are several ways a pilot can bring the airplane to the 
stalling angle of attack. Slowing the airplane compels you to increase the angle of attack 
to generate the required lift. Likewise, to compensate for the loss of part of the vertical 
component of lift in a turn, the angle of attack must be increased to maintain altitude. 
The load factor in a turn adds to the effective weight of the airplane, and whenever you 
increase the weight, either through flight load factors or by loading actual weight on 
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Stall Speed (KIAS) 


board, the wings have to fly at a higher angle of attack at any given airspeed to generate 
a corresponding amount of lift. The location of the center of gravity also affects the load 
the wings must support, due to the effects of tail-down force. As the CG is moved 
forward, the tail-down force necessary for level flight increases. Each of these factors 
reduces the margin between a lift-producing angle of attack and the stalling angle of 
attack. If the wing is near Cj,,4x, even a bump or gust can change the relative wind 
enough to produce a stall. Abrupt use of 
the flight controls can trigger a stall even 
when the airspeed is well above the 
published stall speed. 


p C us á 
Total weight, load factor, power, and CG 
location affect stall speed. à 
f D S k 


Frost or ice on the wings can raise the stall 
speed in various ways. The weight of ice 
adds to the airplane’s total weight, of course. Ice also may change the shape of the airfoil, 
either reducing the coefficient of lift or the stalling angle of attack, or both. Even a thin 
coating of ice or frost can trigger separation by disrupting the smooth flow of air. As 
mentioned in the discussion of stability, if the center of gravity is too far aft, the stall 
speed will decrease, but the controls may not have enough authority to reduce the angle 
of attack, making recovery impossible. The condition of the airplane itself may adversely 
affect its stall characteristics, for instance, if the airplane is poorly maintained, has 
damaged wing surfaces, or is improperly rigged. 


TYPES OF STALLS 

Stalls are usually classified according to whether the airplane is flying straight ahead or 
turning, and whether the power is on or off. You should be proficient in recognizing 
the most common stall situations as well as performing and recovering from the stalls 
associated with them. Normally, power-on stalls are associated with takeoff and climb 
configurations, and power-off stalls are most likely in an approach configuration. 
Consequently, power-on stalls are usually practiced with gear up and flaps at the takeoff 
setting, and power-off stalls with the gear and flaps down. Of course, stalls in either 
configuration can be done either straight ahead or turning. [Figure 12-38] 


2,400 Lbs. — Most Forward Center of Gravity 


Figure 12-38. This graph shows 
the effect of configuration and 
bank angle on stall speed. For 
this aircraft, there is an 11 knot 
decrease in stall speed with the 
flaps down with the wings level. 
This difference increases with the 
angle of bank. At 30° bank, the 
stall speed is 35 KIAS with flaps 
down and 47 KIAS with flaps 

up. Remember that the speeds 
published in any POH apply only 
to the stated conditions, in this 
case, a weight of 2,400 pounds 
and the most forward CG position. 


20 30 40 
Angle of Bank (Degrees) 


Additional descriptive terms for stalls include accelerated, secondary, crossed-control, 
and elevator trim. Familiarity with these terms helps you to understand descriptions you 
may read in the aviation literature, press reports, or accident/incident analyses. 
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Accelerated stalls are caused by abrupt or excessive control movement. They commonly 
occur during maneuvers such as steep turns or rapid dive recoveries involving a high load 
factor or a sudden change in the flight path. Accelerated stalls are usually more 
violent than unaccelerated stalls, and they are often unexpected because of the relatively 
high airspeed. Any time you are experiencing an increased flight load factor, that 


acceleration indicates that you have increased 
the angle of attack, and even though you may be 
well above the usual stall speed, you will be 
closer to the stalling angle of attack. 


Stalling speed is most affected by load 
factor. In any situation involving increased 
load factor, such as a rapid pullout from a 
If you pull up too quickly during recovery from dive, the stall speed increases. 

a stall, you may trigger a secondary stall. This 

usually happens as a result of an attempt to has- 

ten a stall recovery, either by increasing the angle of attack too quickly, or by not decreasing 

the angle of attack enough in the first place. Relax the back pressure and allow the airplane 

to regain flying speed. This may be extremely difficult if the primary stall occurred near 

the ground. In rare instances, too much forward pressure in a stall recovery could cause a 
negative G stall. This type of stall is used intentionally by aerobatic pilots to enter inverted 
spins or outside snap-rolls. Although very unlikely in visual conditions, a primary stall on 
instruments coupled with some spatial disorientation could lead you to make unusual 
control movements. 


The crossed-control stall occurs when the flight controls are crossed, meaning that 
rudder pressure is being applied in one direction while ailerons are applied in the 
opposite direction. When combined with excessive back pressure, conditions are ripe for a 
crossed-control stall. The most likely time for this is during a poorly executed turn to final 
approach for a landing. In a typical crossed-control stall, excessive inside rudder is used to 
tighten the turn, along with opposite aileron to keep the bank from becoming too steep. If too 
much elevator back pressure is added, or if the aircraft becomes too slow due to the added 
drag of the skid, the nose may pitch down and the wing on the inside of the turn may 
suddenly drop. Often these stalls occur with little warning and insufficient altitude for 
recovery; however, a displaced ball in the inclinometer or a skidding-turn feeling can 
prompt you to coordinate the controls and go around if necessary. 


An elevator trim stall is most likely to occur during a go-around from a landing approach. 
In this case, the airplane’s trim is adjusted for the configuration and slow speed of 
the approach with considerable nose-up trim. As power is applied for the go-around, 
the normal tendency is for the nose to pitch up, and if positive pressure is not used to 
counteract the strong trim forces, the nose will continue to pitch up. In addition, since full 
power is required, the aircraft is subject to left-turning forces which can easily lead to an 
uncoordinated flight condition. Now you have the conditions that can cause a stall — a high 
angle of attack, uncoordinated flight, and decreasing airspeed. 


STALL RECOGNITION AND RECOVERY 
A major part of stall recognition is knowing the flight characteristics of the airplane you are 


flying. Then, you must maintain an awareness of the flight conditions where various types 
of stalls are most likely to occur. 


Most airplanes warn the pilot in a variety of ways. In general aviation airplanes there is 
usually a stall warning light or horn. This warning system is a simplified angle of attack 
indicator installed on the leading edge of the wing. On many airplanes it consists of a small 
mechanical switch attached to a vane that is activated by airflow as the wing approaches 
Cimax- Other systems use a reed-type horn similar to a party noisemaker connected to an 
opening in the wing. As the wing approaches Ci max- airflow on the wing creates suction that 
draws air through the horn. Most systems will trigger the stall warning horn and/or warning 
light about 5 to 10 knots above the stall speed. A disadvantage of this type of 
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Figure 12-39. During an intentional spin in a typical aerobatic 
trainer, the ground seems to whirl around very fast and the 


system is that it is attached to only one wing. It is conceivable that an uncoordinated or 
asymmetric stall on the other wing might not actuate the warning signal. The systems that 
require electricity are subject to blown fuses, open circuits, or electrical failures, while 
the reed systems are sometimes rendered inoperative by bugs or debris wedged in the horn 
or plumbing. 


Most airplanes provide additional indications of an impending stall. As the airflow begins 
to separate from the wing, there is often a buffeting or shaking through the entire airframe. 
If the tail is within the turbulent wake from the wings, you may feel a trembling through the 
elevator or rudder controls. At low airspeeds, the controls often feel mushy, and you may 
notice the sound of air rushing along the fuselage fading away. As lift is diminishing, you 
may notice a sinking feeling. These preliminary indications serve as a warning for you to 
decrease the angle of attack and increase airspeed by adding power. Ideally, you should be 
able to detect the signs of an imminent stall and make appropriate corrections before it actu- 
ally occurs. Recovery at the first indication is quite simple, but if you allow the stalled con- 
dition to progress, recovery becomes more difficult. 


The first priority in recovery from a stall is to reduce the angle of attack with forward 
elevator to allow the wings to regain lift. This may consist of merely releasing back 
pressure, or you may have to firmly move the elevator control forward, depending on the 
aircraft design, severity of the stall, and other factors. Excessive forward movement of the 
control column, however, may impose a negative load on the wings and delay the stall 
recovery. The next step, which should be accomplished almost simultaneously, is to 
smoothly apply maximum power to increase the airspeed and to minimize the loss of 
altitude. As airspeed increases, adjust power to return the airplane to the desired flight 
condition. In most training situations, this is straight-and-level flight or a climb. During the 
recovery, coordinated use of the controls is espe- 
cially important. Uncoordinated flight 
control inputs can aggravate a stall and result in a 
spin. You also must avoid exceeding the airspeed 
and r.p.m. limits of the airplane. 


SPINS 


The spin is one of the most complex of all flight 
maneuvers. There are many aerodynamic and 
inertial factors that contribute to the spinning of an 
airplane. In spite of this, it is an easy maneuver to 
enter in most airplanes, and recovery can also be easy 
in many general aviation airplanes. Because of the 
low G-forces and the relative ease of execution, it is 
usually the first maneuver taught to pilots learning 
aerobatics. There are major differences between 
intentional spins performed by a well-trained pilot in 
a properly loaded airplane with no restrictions 
against spinning, and an accidental spin. The first can 
be enjoyable, the second deadly. [Figure 12-39] 


For our purposes, a spin can be defined as an aggra- 
vated stall resulting in autorotation, which simply 


SECTION A 


nose may seem to be pointed straight down. It is hard to 


believe that the airspeed is near stall speed, the nose is only 


down 45-60°, and each turn of the spin takes three or four 


seconds. Altitude loss may be 500-1,000 feet or more per turn, 


depending on airplane type. 
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means that the rotation is stable and will continue due to aerodynamic forces if nothing 
intervenes. During the spin, the airplane descends in a helical, or corkscrew, path while the 
wings remain unequally stalled. Even though the nose is usually well below the horizon, the 
angle of attack remains greater than the stalling angle of attack. This is usually due to the 
pilot holding back pressure, maintaining the high angle of attack and creating high drag, 
combined with the large upward component of the relative wind. 


PRIMARY CAUSES 

A stall must occur before a spin can take place, and all of the factors that affect stalls also 
affect spins. The principle difference that transforms a straight-ahead stall into a spin entry 
is that one wing stalls more than the other. This usually happens when there is an element 
of yaw as the stall breaks, and occurs most often when the airplane is in uncoordinated 
flight. A spin also may develop if forces on the airplane are unbalanced in other ways, for 
example, from yaw forces due to an engine failure on a multi-engined airplane, or if the CG 
is laterally displaced by an unbalanced fuel load. Stalling with crossed controls is a major 
cause of spins, and usually happens when either too much or not enough rudder is used for 
existing yawing forces. If the airplane is allowed to stall with crossed controls, it is likely to 
enter a spin. The spin that results from crossed controls usually results in rotation in the 
direction of the rudder being applied, regardless of which wing is raised. 


During an uncoordinated maneuver, the pitot/static instruments, especially the altimeter 
and airspeed indicator, may be unreliable due to the uneven distribution of air pressure over 
the fuselage. This error may lead you to believe that your airspeed is sufficient to maintain 
smooth airflow over the wing when, in fact, you are very close to stalling. Your only 
warnings of the stall may be aerodynamic buffeting and/or the stall warning horn. 


Coordination of the flight controls is natural and easy under most conditions, but preoccu- 
pation with situations inside or outside the cockpit, maneuvering to avoid other aircraft, 
and maneuvering to clear obstacles during takeoffs, climbs, approaches, or landings has 
caused control problems for many pilots. Because of this, you will be required to learn how 
to recognize and cope with these distractions by practicing flight at slow airspeeds with 
realistic distractions in your training. 


PHASES OF A SPIN 

There are three phases in a complete spin maneuver. The incipient spin is the first phase, 
and exists from the time the airplane stalls and rotation starts until the spin is fully 
developed. A fully developed spin exists from the time the angular rotation rates, airspeed, 
and vertical descent rate are stabilized from one turn to the next. The third phase, spin 
recovery, begins when the anti-spin forces overcome the pro-spin forces. 


If an airplane is near the stalling angle of attack, and if more lift is lost from one wing than 
from the other, that wing will drop more quickly than the other, creating a roll toward the 
wing with less lift. As this wing drops, its local relative wind will come more from below, 
further increasing the angle of attack for that wing. Likewise, as the airplane rolls around its 
center of gravity, the upper wing has a lower local angle of attack, and continues to develop 
some lift. This situation of unbalanced lift tends to increase as the airplane yaws toward the 
low wing, accelerating the higher outside wing while slowing the inner, lower wing still 
more, As with other stalls, the nose drops, and as inertial forces come into play, the spin 
usually stabilizes at a steady rate of rotation and descent. 


It is crucial that you initiate recovery from an inadvertent spin as soon as possible, since 
many airplanes will not recover from a fully developed spin, and others continue for several 
turns before recovery control inputs become effective. The recovery from an incipient spin 
normally requires less altitude, and time, than the recovery from a fully developed spin. 
Keep in mind that although some characteristics of a spin are predictable, every airplane 


spins differently, and an individual airplane’s spin characteristics vary depending on con- 
figuration, loading, and other factors. 
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D How Many Ways to Spin? 


The spin is perhaps the most basic of all aerobatic maneuvers. Although many early pilots were able to execute and 

recover from spins, it wasn’t until after World War I that spin aerodynamics began to be explored in detail. The tailspin 
became a staple of barnstormers and stunt performers, and is 
still a crowd-pleaser at airshows today. 


For competitive aerobatics, there is a catalog of standard 
aerobatic maneuvers, grouped according to the type of 
maneuver and assigned coefficients of difficulty (K) for judging 
purposes. It is named for its originator, the Spanish Count 


1-Turn Erect Spin 


Ferdinand Aresti. There are 192 different spins listed, consisting K=10 | 

of erect spins, inverted spins, flat spins, and inverted flat spins H-4 
among others. Snap rolls are another family of maneuvers 3-Turn Inverted 
closely related to spins. In essence, a snap roll is an abrupt per Heel a ane 
spin forced on the airplane at an airspeed well above the usual K=50 


stall speed. The wings are unequally stalled, just as in a spin, 

but the stall is caused by quickly forcing the angle of attack past the critical angle of attack. Unlike spins, snap rolls can be 
performed horizontally or upward as well as downward. Just as spins can be erect or inverted, snap rolls can be inside or outside. 
If you add in all the various inside and outside snap rolls with all their possible entries and recoveries, the extended family of 
spins includes at least 840 different maneuvers, ranging in difficulty from the basic one-turn erect spin with right-side-up entry 
and recovery, with a K-factor of 10, to the 3 turn erect flat spin with inverted entry and inverted recovery with a K-factor of 74. 


WEIGHT AND BALANCE 

Both the total weight of the airplane and the distribution of weight influence the spin 
characteristics of the airplane. Higher weights generally mean slower initial spin rates, 
but as the spin progresses, spin rates may tend to increase. The higher angular momen- 
tum extends the time and altitude necessary for spin recovery in a heavily loaded 
airplane. The location of the center of gravity is even more significant, affecting the 
airplane’s resistance to spins as well as all phases of the spin itself. Most airplanes are 
more stable with the CG near its forward limit. This increases control forces and makes 

it less likely that you will make large, abrupt control movements. It also means that when 
trimmed, the airplane will tend to return to level flight if you let go of the controls, but 

the stall speed will be higher with the CG forward. Since moving the CG aft decreases 
longitudinal stability and reduces pitch control forces in most airplanes, it tends to make 

the airplane easier to stall. Once a spin is entered, an airplane with its CG farther aft 
tends to have a flatter spin attitude. If the CG is outside the limits of the CG envelope, or 

if power is not reduced promptly, the spin will be more likely to go flat. A flat spin is 
characterized by a near level pitch and roll attitude with the spin axis near the CG of the 
airplane. Although the altitude lost in each turn of a flat spin may be less than in a 
normal spin, the extreme yaw rates (often exceeding 400° per second) result in high 
descent rates. The relative wind in a flat 

spin is nearly straight up, keeping the wings f TE 
at a high angle of attack. More importantly, y Spin recovery may be difficult if the CG is 
the upward flow over the tail may render Rè too far aft and rotation is til the CG. 
the elevators and rudder ineffective, making ; | ! i 
recovery impossible. a 


SPIN RECOVERY 
Where the primary goal in recovery from a straight-ahead stall is to reduce the angle 
of attack to restore airflow over the wings, spin recoveries have the additional goal of 
stopping the rotation. The complex aerodynamics of spins may dictate vastly different 
recovery procedures for different airplanes, so no universal spin recovery procedure can 
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exist for all airplanes. The recommended recovery procedure for some airplanes is 
simply to reduce power to idle and let go of the controls, and others are so resistant to 
spins that they can be considered spin-proof. At the other extreme, the design of some 
airplanes is such that recovery from a developed spin requires definite control 


movements, precisely timed to coincide with 
certain points in the rotation, for several turns. 
You should be intimately familiar with the 
procedures in the POH for the aircraft you will _ ball in spins will depend on where the mer 
be flying. The following is a general recovery nometer is installed If the inclinometer is on 
procedure for erect spins, but it should not the left side of the cockpit, the bail will move to the left 
be applied arbitrarily without regard for the in both left and right spins. 

manufacturer’s recommendations. ú 


In some airplanes, the displacement of the 


e Move the throttle or throttles to idle. This minimizes the altitude loss and reduces 
the potential for a flat spin to develop in most airplanes. It also eliminates possible 
assymetric thrust in multi-engine airplanes. Engine torque and precession 
can increase the angle of attack or the rate of rotation in single-engine airplanes, 
aggravating the spin. 


e Neutralize the ailerons. Aileron position is often a contributing factor to flat spins, or 
to high rotation rates in normal spins. 


e Apply full rudder against the spin. Spin direction is most reliably determined from 
the turn coordinator. Do not use the ball in the inclinometer. Its indications are not 
reliable, and may be affected by its location within the cockpit. For example, in some 
airplanes, if the inclinometer is on the left side of the cockpit, the ball will move to the 
left in both left and right spins, and if installed on the right side of the cockpit, the ball 
will move to the right during a spin in either direction. 


e Move the elevator control briskly to approximately the neutral position. Some aircraft 
merely require a relaxation of back pressure, while others require full forward 
elevator or stabilator pressure 


e As rotation stops, indicating the stall has been broken, neutralize the rudder. If you 
maintain rudder pressure after rotation stops, you could enter a spin in the other 
direction. 


e Recover from the resulting dive with gradual back elevator pressure. Pulling too hard 
could trigger a secondary stall, or worse, could exceed the flight load factor limits and 
damage the aircraft structure. Conversely, recovering too slowly from the dive could 
let the airplane exceed airspeed limits, especially in aerodynamically clean airplanes. 
Avoiding excessive speed buildup in the recovery is another reason for closing the 
throttle during spin recovery. Add power as you resume normal flight, being careful 
to observe power and r.p.m. limits. 


SUMMARY GHECKLIST 


¥ Opposing forces are balanced in unaccelerated flight. 


y The coefficient of lift increases with angle of attack, until the stalling angle of 
attack is reached. 


v If all other factors remain constant, lift is proportional to the square of the speed. 


/ The four most common ways to increase lift are to increase angle of attack, increase 
airspeed, increase the camber of the wing, or increase the wing area. 


ADVANCED AERODYNAMICS SECTION A | iÀ q 


Y Modifying the camber of the wing with flaps and/or leading edge devices can post- 


pone airflow separation, resulting in lower stall speeds and greater coefficients of 
lift. 


2 


¥ Induced drag increases with angle of attack, and decreases with speed. Parasite 
drag increases in proportion to the square of the speed. 


y A wing’s planform affects induced drag, stall propagation, stability, maneuverabil- 
ity, and other characteristics. 


Y At a distance of less than one wingspan above the ground, induced drag dimin- 
ishes, allowing the airplane to fly with less thrust. This phenomenon is called 
ground effect. 


v Best glide angle is achieved at the speed where the ratio of lift to drag is the great- 
est (L/D,,,,). This speed gives the greatest horizontal distance in a power-off glide, 
as well as maximum range with power. 


vV Maximum level flight speed is attained when maximum thrust is balanced by drag. 


v Load factor is the ratio of lift being developed by the wings divided by the weight 
of the airplane. 


v Stability characteristics can be described for each of the airplane’s three axes of 
rotation. 


/ Static stability is determined by whether the airplane tends to return to equilib- 
rium when disturbed, diverges farther from equilibrium, or maintains the same 
degree of displacement from equilibrium. 


V Dynamic stability, or damping, describes how quickly the airplane reacts to its sta- 
tic stability, as well as whether it returns to equilibrium or not. 


/ The center of gravity is ordinarily located forward of the wings’ center of lift. The 
resulting nose-down moment is normally balanced by the tail-down force created 
by the horizontal tail. This arrangement contributes to positive longitudinal stabil- 
ity, since pitch disturbances alter the tail-down force to return the airplane to bal- 
anced flight. 


/ In most airplanes, if the center of gravity is too far aft, the airplane will be unstable 
in pitch. 


/ Wing dihedral, sweepback, and mounting the wing on top of the fuselage are 
design factors that contribute to lateral stability. 


/ The vertical tail and the sides of the fuselage aft of the center of gravity tend to keep 
the fuselage aligned with the relative wind, contributing to directional stability. 


/ Too much lateral stability can lead to Dutch roll, while too much directional sta- 
bility can lead to spiral instability. Spiral instability is considered less objection- 
able, so designers usually try to minimize Dutch roll at the expense of a little spiral 
instability. 


J Climbs are a result of excess thrust. The maximum rate of climb (Vy) occurs at the 
airspeed where the difference between power available and power required is the 
greatest. 


/ The maximum angle of climb (Vx) is achieved at the airspeed where the difference 


between thrust available and thrust required is the greatest. 
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/ Higher aircraft weight reduces climb performance, glide ratio, and range. 


J Load factor in coordinated, level turns is strictly a function of bank angle. 


/ Adverse yaw is caused by greater induced drag on the outside wing as an airplane 


rolls into a bank. 


/ Radius and rate of turn are influenced by airspeed and bank angle. 


/ Exceeding the stalling angle of attack (C,,,,,) will always result in a stall, regardless 


of weight, load factor, airspeed, or attitude. 


/ To spin, there must first be a stall. Prevent the stall and you prevent the spin. 


J Spins occur when one wing stalls more fully than the other, and an autorotation 


develops. 


V Spin recovery consists of breaking the stall by reducing angle of attack, stopping the 
rotation with rudder, and returning the airplane to normal flight. 


KEY TERMS 


Downwash 
Relative Wind 
Angle Of Attack 
Angle Of Incidence 
Slot 

Slat 

Leading Edge Flaps 
Taper 

Aspect Ratio 
Sweep 

Ground Effect 
Form Drag 
Interference Drag 
Skin Friction Drag 
Total Drag 

Spoilers 

Speed Brakes 

Load Factor 

Static Stability 


Dynamic Stability 


Longitudinal Stability 
Tail-Down Force 
Lateral Stability 
Directional Stability 
Dutch Roll 

Spiral Instability 
Absolute Ceiling 
Service Ceiling 
Horizontal Component Of Lift 
Adverse Yaw 
Power-On Stalls 
Power-Off Stalls 
Accelerated Stalls 
Secondary Stall 
Crossed-Control Stall 
Elevator Trim Stall 
Incipient Spin 

Fully Developed Spin 
Spin Recovery 


Flat Spin 
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QUESTIONS 


1. True/False. The angle of attack at which a wing stalls varies depending on total 
aircraft weight, bank angle, load factor, and airspeed. 


2. Wing slats deploy at high angles of attack, reducing the stall speed. The stall speed 
decreases because 


A. the chord line of the wings is reduced, decreasing the local angle of attack. 

B. the slats keep the airflow attached and increase the lifting area of the wings. 

C. the airflow through the slats increases the airspeed over the wings and reduces 
parasite drag. 


3. True/False. Airplanes with a low aspect ratio have higher fuel efficiency because 
they have less induced drag. 


4, True/False. There is an increase in lift when flying in ground effect that may allow 
an airplane to lift off even when it cannot climb, and which may cause a landing 
airplane to balloon or float before landing. 


5. L/Dmax is the airspeed that provides 


A. maximum range with or without power. 
B. maximum endurance and maximum rate of climb. 
C. maximum angle of climb and maximum level flight speed. 


6. What term is used for the airspeed at which maximum thrust is balanced by drag 
in level flight? 


7. Which of the four aerodynamic forces does not depend on the flight path or relative 
wind? 


8. All other things being equal, increasing the weight of an airplane causes the stall 
speed to 


A. remain the same. 
B. increase. 
C. decrease. 


10. An airplane has positive static stability and negative dynamic stability in pitch. If 
it is trimmed for level flight and you disturb the equilibrium by pulling back and 
releasing the elevator control, how will the airplane respond after you release the 
controls? 


A. The airplane will continue to pitch up farther and farther without oscillating. 
B. There will be a series of increasing pitch oscillations, each steeper than the 


last. 
C. There will be a series of gradually decreasing pitch oscillations until the 


airplane is again in level flight. 


11. True/False. An airplane with spiral instability has a tendency to steepen its bank 
and gradually nose down unless the pilot intervenes. 


12. What is the term for the maximum pressure altitude that an airplane is capable of 
climbing 100 f.p.m.? 
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13. 


14. 


Load Factor (Gs) 


io 


16. 


We 


In a skidding right turn, what do you see in the inclinometer, and what should you 
do to coordinate the turn? 


A. The ball is to the left; add more left rudder. 
B. The ball is to the right; add more right rudder. 
C. The ball is to the right; steepen the bank with more aileron. 


Using the adjacent chart, determine the stall speed for an airplane with a 
level-flight stalling speed of 42 KIAS when the airplane is in a coordinated turn at 
a bank angle of 55°. 


Percent Increase In Stall Speed 


40 50 
Bank Angle (Degrees) 


The radius of a coordinated turn can be decreased in two ways. What are they? 


In most cases, stall recovery includes applying full power, but spin recovery 
procedures for most airplanes direct that the throttle be closed immediately. Why? 


Why are flat spins considered more dangerous than other spins? 


SECTION B 


PREDICTING 
PERFORMANCE 


As you learn to fly aircraft with higher performance, you will discover that they are 
flown less by sight, sound, and feel, and more by the book and by the numbers. You 
have seen how aircraft behavior is governed by well-established physical laws and 
mathematical relationships. Now, you can use these concepts to predict the airplane’s 
performance under different conditions, as well as to stay within operating limitations. 
The most frequently used performance information is usually provided in the POH in 
the form of tables and graphs. 


FACTORS AFFECTING 
PERFORMANCE 


Airplanes operate in an environment that is constantly changing, and several physical 
characteristics of the atmosphere influence aircraft performance. Temperature, pressure, 
humidity, and the movement of the air all have definite and foreseeable effects in 
every phase of flight, and runway conditions affect takeoff and landing performance. 
Although standard atmospheric conditions are the foundation for estimating airplane 
performance, airplanes are rarely flown in conditions that match the standard 
atmosphere. Some basic performance calculations will help you to take the differences 
between standard and existing conditions into account. 


DENSITY ALTITUDE 

The density of the air directly influences the performance of your airplane by altering the 
lift of the airframe as well as the ability of the engine to produce power. Both reciprocating 
and turbine engines produce less thrust as air density decreases and/or temperature 
increases, since these factors reduce the mass of the air passing through the engine. In 
propeller-driven airplanes, propeller efficiency is reduced when there are fewer air 
molecules to act upon. Jet thrust is the reaction force resulting from accelerating 
mass backward, so a reduction in the mass going into the engine reduces thrust if other 
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factors remain the same. Density altitude is pressure altitude corrected for nonstandard 
temperature, and is equal to pressure altitude only when standard atmospheric 
conditions exist at that level. Since these specific conditions are uncommon, you should 
understand and be able to compute density altitude. Although the performance 


degradation due to increased density altitude 
occurs throughout the airplane’s operating 
envelope, it is especially noticeable in takeoff 
and climb performance. You can find density 
altitude using either a flight computer or a 
density altitude chart. [Figure 12-40] 


As air temperature increases or air density 
EN 

decreases, engine performance decreases 

for both piston and gas turbine engines. 


DENSITY ALTITUDE CHART 


Altimeter Pressure 
Setting Altitude 
("Hg) Conversion 
Factor 


11 
10 28.8 1,053 
28.9 957 
Š 29.0 863 
29.1 768 
29.2 673 
8 29.3 579 
29.4 485 
7 29.5 392 


APPROXIMATE DENSITY ALTITUDE — THOUSANDS OF FEET 


et Hon ae combines air temperature, barometric pressure, and altitude to arrive at the density altitude 
or example, at a field elevation of 1,165 feet MSL, a temperature of 70°F (21°C), and i i 
the density altitude is almost 2,000 feet. l | i a 
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Records Ripe for Breaking 


Getting the utmost performance out of an aircraft is a challenge that gives many pilots satisfaction. Perhaps you have 
thought of setting a speed, distance, or altitude record yourself. There are many aviation records that were set 30-60 
years ago, so given the advances in engineering, materials and technology, it should be possible to advance some of these 
records today. To get your feet wet, you might take a crack at Francesco Agello’s piston-engined seaplane speed record of 440.68 
miles per hour. He set this record on October 23, 1934 in a bright red Macchi-Castoldi MC-72. This racing floatplane had two 
1,500 HP engines in tandem, driving fixed-pitch contra-rotating propellers. 


Jacqueline Cochran set more flying records than any other person, and many of them still stand. Maybe you would like to try to 
beat her closed-course speed records for 100 km or 1,000 km in a piston-engined airplane, set in the late 1940s. The 100 km 
record is 469.549 mph, and the 1,000 km record is 431.09 mph. Both records were set in a North American P-51. 


Several of the speed records set in the 1950s and 1960s by Max Conrad, Sheila Scott, and Geraldine Mock still stand. These 
pilots did not use custom-built racing airplanes or converted fighters. They flew Cessnas and Pipers, similar to those you are using 
in your commercial training. 


Want to build flight time? Perhaps you could try to beat the record for time aloft of 64 days, 22 hours, 19 minutes, and 5 seconds, 
set in a Cessna 172 from December 4, 1958 through February 7, 1959 by Robert Timm and John Cook over Nevada. 


You do not need a high-tech airplane to set a new record, just careful and thorough preflight preparation, accurate navigation, and 
precise flying skills. Good luck! 


Most modern performance charts do not 
require you to compute density altitude. 


Density altitude calculations are based on Instead, the computation is built into the per- 
pressure altitude and air temperature. A formance chart itself. All you have to do 
flight computer or a density altitude chart is enter the chart with the correct pressure 
may be used. See figure 12-40. altitude and the temperature. Older charts, 


however, may require you to compute density 
altitude before entering them. 


Water vapor also has an effect on density altitude. Humidity refers to the amount of 
water vapor in the atmosphere and is expressed as a percentage of the maximum amount 
of vapor the air can hold. This amount varies with air temperature. The warmer it is, the 
more water vapor the air can hold. When the air is saturated, it cannot hold any more 
water vapor at that temperature, and its humidity is 100%. 


Although the effects of humidity are not shown on performance charts or included in 
density altitude computations, moist air does reduce airplane performance. For one 
thing, water vapor takes up volume that is normally available for combustion air, so less 
air enters the engine in high humidity conditions. This causes a small increase in 
density altitude. In conditions of very high humidity, the reduction in engine 
horsepower may be as much as 7%, and the airplane’s overall takeoff and climb 
performance may be reduced by as much as 10%. Always provide yourself with an extra 
margin of safety by using longer runways and by expecting reduced takeoff and climb 
performance whenever it is hot and humid. 


SURFACE WINDS 


Wilbur and Orville Wright insisted on a mea- 
Some performance tables are based on sured wind at Kitty Hawk of at least 11 
pressure/density altitude. miles per hour before they flew their air- 
plane. In addition to increasing ground speed 
and fuel economy in cruise, favorable winds 
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Í MMY DOOLITTLE DISCUSSES DENSITY ALTITUDE 
Aerial pioneer Jimmy Doolittle had a close encounter with the effects of density altitude during a tour in the 1930s. 


“| had left the Hawk in China, so | had to borrow an aircraft to put on the show. This was almost my undoing at a field located at 
high altitude in the Dutch East Indies. 


I borrowed a Hawk from the Dutch air force and went through my aerial routine. To conclude my act, | put the airplane into a 
power dive, intending to pull out as close to the ground as possible. When | started to pull out, the airplane didn’t respond in the 
thin air as I had expected. It began to ‘mush,’ and the ground came up too fast. | managed to pull out, but only after my wheels hit 
the ground rather hard, though without damaging the Hawk. I had not calculated that the Hawk wouldn't perform in thin air as it 
would have at a lower altitude. 


Several Dutch pilots who had seen the near accident congratulated me. The commander of the group said it was ‘the most 
delicate piece of flying’ he had ever seen. But | thought it was stupid flying and said so. He smiled and said, ‘We knew; we 
wondered if you would lie about it.” 


That quote is from Doolittle’s autobiography, I Could Never Be So Lucky Again. Part of maintaining situational awareness is to 
know what you can reasonably expect from your airplane under existing conditions. 


can significantly shorten takeoff and landing distances. Since surface winds are not 
always aligned with the runway in use, you need to determine how much of the wind is 
acting along the runway and how much is acting across it. This is another instance of 
resolving a vector into its components. 


The headwind or tailwind component of the wind vector affects the length of the ground 
run. Headwinds are less beneficial to takeoff distances than tailwinds are detrimental. 
For instance, in some airplanes a headwind of 10 knots may reduce the takeoff distance 
by approximately 10%, but a tailwind of the same amount increases the takeoff distance by 
40%. These differentials vary from airplane to airplane, and also depend on the pilot’s 
takeoff technique. 


In your earlier training you learned that the crosswind component acts to push the 
airplane to the side, and must be compensated for to keep the airplane on the runway. 
Most airplanes have a maximum demonstrated crosswind component listed in the 
POH, although this is not an operating limitation. FARs require that all airplanes 
type-certificated since 1962 have safe ground handling characteristics in 90° 
crosswinds equal to 20% of Vso. For example, if Vso for an airplane is 65 knots, the 
manufacturer’s demonstrated crosswind component is 13 knots. Your personal 
crosswind limit is based on your own skill level in taking off and landing safely in a 
particular airplane type. 


You can easily compute headwind and cross- 
wind components using a wind component 
chart. When you use the chart, remember that 
for takeoff or landing, surface wind is reported 
in magnetic direction, so it corresponds with 
the runway number. [Figure 12-41] 


Headwind and crosswind components can 


be found using the wind component chart. 
See figure 12-41. 
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Figure 12-41. Determine the headwind and 
crosswind components for a takeoff on 
Runway 3, with winds from 060° at 20 knots. — = 


@ Determine the angle 
between the runway 
and the wind. 
(GU — S02 S0) 


CROSSWIND COMPONENT 


component by 5) 

following the vertical 

lines down to the 

bottom of the chart. 
WEIGHT 


Lift must equal the effective weight of the airplane and its contents to maintain altitude 
during flight, thus, an increase in weight requires a proportional increase in lift. In 
cruise, this additional lift is usually provided by flying at a higher angle of attack, but in 
order to take off, a heavily loaded airplane must accelerate to a higher speed to generate 
the required lift. The additional weight also reduces acceleration during the takeoff roll, 
adding to the total takeoff distance. After liftoff, the heavily loaded airplane climbs more 
slowly, and its service ceiling is lower. This is because there is less difference between 
power required and power available. Moreover, exceeding the maximum allowable 
weight in any flight regime may cause the airplane to become unstable and difficult to 
fly. For an airplane to be safe, it must be operated within weight and balance limitations. 
Procedures for computing weight and CG location are covered in the next section. 


RUNWAY CONDITIONS 
Most published takeoff and landing distances are based on a paved, level runway with a 
smooth, dry surface. In the real world, completely level runways are uncommon. The 
gradient, or slope, of the runway is expressed as a percentage. For example, a gradient of 
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2 percent means the runway height changes 2 feet for each 100 feet of runway length. 
Positive gradients are uphill, and negative gradients are downhill. A positive gradient 
increases takeoff distances because the airplane must accelerate uphill. Conversely, 
landing uphill reduces the ground roll. A negative gradient has the opposite effects, 
shortening takeoff distance and lengthening 

the landing roll. Runways with a gradient of _ An uphill runway slope increases takeoff 
0.3% or more are listed in the A/FD. SE distance because the airplane accelerates 
larger aircraft incorporate runway slope into Rd more a 

their takeoff distance calculations. 


The surface conditions of the runway affect 

both takeoff and landing distances. Rolling resistance from a rough or soft surface lengthens 
your takeoff roll, and the POH may include information to adjust takeoff distances for 
different runway surfaces. [Figure 12-42] 


Figure 12-42. This takeoff distance chart suggests a 15% increase 
in the ground roll for takeoff from a dry, grass runway. You should be 
careful in applying this information, since there is wide variation 
between grass runways. Takeoff distance from a wild turf runway at a 
back-country airstrip can be much longer than from the lawn-like 
grass at a well-groomed airport. 


TAKEOFF DISTANCE 
MAXIMUM WEIGHT 380 


CONDITIONS: SHORT FIELD 


Flaps 1 pas m 
2850 RPM, Full Throttle and Mixture Set at Placard Fuel Flow Prior to Brake” a " PF. 
r s kas. 


MIXTURE SETTING l 
PRESS ALT | PPH PH ' 


Cowl Flaps Open 
Paved, Level, Dry Runway 
Zero Wind 


NOTES: 

1. Short field technique as specified in Section 4. 

2. Landing gear extended until takeoff obstacle is cleared. —— m : i 
3. Where distance value has been deleted, climb performance after lift-off is less than 150 fpm. Rate of climb is based on 
4, 


nagais nyima nanana 


landing gear extended and flaps 10° at takeoff speed. 
Decrease distances 10% for each 10 knots headwind. For operation with tailwinds up to 10 knots, increase distances 
by 10% for each 2.5 knots. 


TAKEOFF 
SPEED 
KIAS 


During landing, braking effectiveness can be a major concern. A dry runway surface 
allows the brakes to dissipate the maximum amount of energy without skidding the tires, 
but when the runway is wet, the maximum coefficient of friction between the tires and 
runway may drop by 30-60%. The tires begin to break loose from the runway surface and 
slide at lower brake application forces, so you must apply the brakes more gently to max- 
imize deceleration and maintain control. The lighter application of brakes means that 
energy is dissipated more slowly, increasing the length of the landing roll. Obviously, if 
the ground roll becomes too long, the aircraft will run off the end of the runway. An ice- 
covered runway may reduce friction still more, but perhaps the worst situation is to lose 
braking effectiveness as a result of hydroplaning, which happens when a thin layer of 
water separates the tires from the runway. Hydroplaning reduces friction even more than 
smooth, clear ice. [Figure 12-43] When available, ATC furnishes pilots the quality of 
braking action received from pilots or airport management. The quality of braking action 
is described by the terms good, fair, poor, nil, or a combination of these terms. When 
braking action approaches nil, maintaining directional control may become impossible 
and a strong crosswind could push the airplane off the side of the runway. 
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Figure 12-43. Braking effectiveness depends 


Maximum braking on a dry runway on the runway surface conditions. 


results in the shortest ground roll. 


Wet runways decrease the maximum 
braking coefficient, increasing ground 
roll distance. 


Wet Pavement 


Á The braking effect on smooth, 
clear ice is only slightly better than 
a rollout with no braking at all. 


Smooth, Clear Ice 


During hydroplaning, the tire loses 
rolling friction and may stop rotating. 


Hydroplaning 


Dynamic hydroplaning occurs when there is standing water or slush on the runway about 
one-tenth of an inch or more in depth. A wedge of water builds up, lifting the tires away 
from the runway surface. The speed of the aircraft, the depth of the water, and the air pres- 
sure in the tires are some of the factors that affect dynamic hydroplaning. There is a sim- 
ple rule of thumb you can use to estimate the minimum speed at which dynamic 
hydroplaning will occur. Take the square root of the tire pressure and multiply by 8.6 to 
obtain the hydroplaning groundspeed in knots. For example, with a tire pressure of 30 
p.s.i., you could expect hydroplaning at about 47 knots. Once hydroplaning has started, it 
can persist at lower speeds. Viscous hydroplaning can occur on just a thin film of water, 
not more than one-thousandth of an inch deep, if it covers a smooth surface. Reverted rub- 
ber hydroplaning is the result of a prolonged locked-wheel skid, in which reverted rubber 
acts as a seal between the tire and the runway. Entrapped water is heated to form steam, 
which supports the tire off the pavement. If you must use a runway where braking effec- 
tiveness is poor or nil, be sure the length is adequate and the surface wind is favorable. 


THE PILOT’S OPERATING 
HANDBOOK 


According to FARs, you can find your aircraft’s operating limitations in the approved 
airplane flight manual (AFM), approved manual materials, markings and placards, or 
any combination of these. For most airplanes manufactured in the U.S. after March 1, 
1979, the pilot’s operating handbook (POH) is the approved flight manual, and a page in 
the front of the handbook will contain a statement to that effect. Prior to that date, air- 
craft under 6,000 pounds were not required to have AFMs, but manufacturers usually 
provided similar information in Owner’s Manuals or Information Manuals. Format and 
content in these manuals varied widely. Then, the General Aviation Manufacturers 
Association (GAMA) adopted a standardized format so that each POH provides the same 
information in the same order. The GAMA framework presents performance charts in a 
logical order, beginning with general information and flight planning calculations and 
progressing through takeoff, climb, cruise, descent, and landing. If you fly older air- 
planes, you should keep in mind that older manuals may not use the same conventions 
or units of measure as those in the newer, standardized style. 
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PERFORMANCE GHARTS 
Performance charts are compiled from information gathered during actual flight tests. 
Since it is impractical to test the airplane under all the conditions portrayed on the 
performance charts, the engineers evaluate specific flight test results and mathematically 
derive the remaining data. In developing performance charts, manufacturers must make 
assumptions about the condition of the airplane. They assume the airplane is in good 
condition, and that the engine is developing its full rated power. It is prudent to keep in 
mind that the flight tests are performed by experienced test pilots, and manufacturers 
often use the best results from many repetitions of each test. While the performance 
numbers in the POH are achievable and reliable, you should always consider your own 
proficiency, especially if you anticipate operating near the limits of the airplane’s stated 
performance capabilities. If your flying skills are rusty or you have not flown for a long 
time, you are unlikely to be able to match the performance in the charts. Likewise, 
the charts were developed using factory-new airplanes, so you should consider the 
condition of your airplane and allow for an adequate margin of safety. 


More sophisticated aircraft often have an assortment of criteria that must be considered 
when using performance charts. There may be optional flap settings, power settings, or 
correction factors for different runway conditions, so you must be careful to select the 
correct chart and pay attention to the conditions under which the chart is valid. 


Remember that all performance charts in this section are samples and must never be 
used for a real airplane. For actual flight planning, you should refer only to the POH 
for the specific airplane you intend to fly. Performance data can vary significantly, 
even among aircraft of the same make and model. Although the general use of 
performance charts should be familiar to you, higher performance airplanes often have 
charts that employ more variables, more complex formats, or more conditions. This 
section reviews the use of some basic charts and also presents new material on higher 
performance equipment. 


Tables provide information for a limited list of conditions, and if the conditions for your 
flight are not listed, you will need to interpolate to find your performance values. 
Interpolation is the estimation of an unknown value between two known values. For 
instance, if the performance table only provides information for 2,000 and 4,000 feet, 


D Takeoff Ground Roll: Zero 


The use of rocket engines to shorten takeoff distances was pioneered in 1941. The concept was first tested using an 
Ercoupe, a low-wing, two-place light airplane that is still a familiar sight at airports around the country. The success of 
the Ercoupe experiments led to extensive military use of this technique O TE EE; 
to assist heavily-loaded airplanes in taking off from limited space. 
Many bombers, transports, and patrol airplanes were equipped to use 
a refined version of the system, usually called JATO, for jet-assisted 
takeoff, or RATO, for rocket-assisted takeoff. 


As rocket technology developed through the 1950s, it became possible X 
to use a single, large rocket engine to launch a fully armed fighter from $ 
a flatbed trailer and accelerate it to flying speed in a few seconds. The we. = p 
spent rocket was then jettisoned. Although tested successfully, the 4 j a 


. 
zero-length launch was never used operationally. å on Ry ye 


s m m -a 


Courtesy USAF Museum 
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and you need to find a value for an altitude of 3,000 feet, you can find the midpoint 
between the values provided to estimate the value for 3,000 feet. Similarly, you can use 
simple proportions to estimate other intermediate values. If information is given for 20°C 


and 30°C, you can estimate the performance at 28°C by adding 80% of the difference to 
the value for 20°C. 


TAKEOFF CHARTS 


Takeoff charts usually incorporate compensation for pressure altitude, outside air tem- 
perature, aircraft weight, and headwind or tailwind component. Some manuals include 
separate charts for normal and obstacle takeoff distances, two- or three-bladed 
propellers, various flap settings, or specific 
pilot techniques, such as short field or — 
maximum effort. To review, start by looking | D 

over the sample problem in figure 12-44. Rè 


To estimate takeoff ground roll and 
distance to clear 50 feet, use the takeoff 
distance charts. See figure 12-44. 


25° FLAP TAKEOFF PERFORMANCE 


ASSOCIATED CONDITIONS: 
POWER: 2700 RPM & 36 INCHES BEFORE BRAKE RELEASE 
PAVED, LEVEL, DRY RUNWAY 


4000 md 


m j] 
llow the horizontal tine to 
he next reference lin ) 


ply the correction 


THREE BLADE PROP 
w 

TWO §& BLADE 
(>) 


1000 1000 


TAKEOFF DISTANCE OVER 50 FT. BARRIER — FT. 


0 3200 2800 15 
OUTSIDE AIR TEMPERATURE — °C WEIGHT — POUNDS = WIND — KNOTS 


Figure 12-44. In this example, you plan to take off from an airport with a pressure altitude of 4,000 feet, with 
a temperature of 28°C (82°F), a total aircraft weight of 3,480 pounds, and a tailwind of 2 knots. Assume that 
your airplane has the three-bladed propeller and the flaps will be set at 25° for this takeoff. The graph shows 
that approximately 2,150 feet are required to take off and climb to 50 feet AGL. 


The manuals for larger aircraft often include charts to help you determine additional 
takeoff and climb performance values. One example is the climb gradient chart, which 
can be useful when you plan takeoffs over obstacles or terrain in the first few miles after 


liftoff. [Figure 12-45] 
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TAKE — OFF FLIGHT PATH 
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Figure 12-45. This graph shows the climb gradient necessary to reach a given altitude at a particular distance from takeoff. For 
example, if you know there is a 450 foot obstacle 4 n.m. away on your departure path, the graph shows that you will need a 2% climb 
gradient to clear that height within 24,304 feet (4 n.m.). Of course, you will want to clear all obstacles by a much greater margin. 


CLIMB PERFORMANCE CHARTS 

In manuals that follow the GAMA format, you will ordinarily find at least two different 
climb performance charts. One type shows the maximum rate of climb for various 
combinations of air temperature, pressure altitude, aircraft weight, and airspeed. 
Another chart depicts the time, fuel, and distance required to climb from one altitude to 
another based on temperature, aircraft weight, and the altitudes concerned. 


The maximum rate-of-climb chart is commonly based on the best rate-of-climb airspeed 

(Vy) for the airplane at different weights and altitudes. Some manuals offer two rate-of- 

climb charts, one for takeoff power, the 

other for maximum continuous power. 

Climbing a takeoff POET can be hard on Temperature, pressure altitude, and total 
the pDpInE i many high-performance Rd airplane weight are used on charts to estimate 
airplanes. It is important to thoroughly 


: maximum rate of climb. See figure 12-46. 
understand the consequences of operating 2 
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RATE OF CLIMB 


CLIMB 
SPEED 


Figure 12-46. To find the maximum rate of climb for an aircraft weight of 3,500 pounds and an air temperature 
of 20°C at a pressure altitude of 5,000 feet, you need to interpolate between the values for 4,000 and 6,000 
feet. This results in a climb rate of 763 f.p.m. As you climb higher, the indicated airspeed for Vy decreases. 
This table also indicates how the mixture setting (fuel flow) should be adjusted for the pressure altitude. 


your engine at high power settings for extended periods, especially at climb airspeeds 
where cooling airflow may be diminished. The POH and engine operating handbook 
provide the appropriate information. [Figure 12-46] 


Using the time, fuel, and distance to climb chart is a two-step process. First, find the 
values for your cruising altitude, then find and subtract the values for your takeoff 
altitude. The difference is the time, fuel, and distance to climb from the takeoff elevation 
to the cruising altitude. Use the same procedure if you need to make an enroute climb 
from one altitude to another. You can only expect to achieve the published values by 
adhering to the conditions set forth in the chart, which means precise airspeed control 
as well as compliance with the configuration and power settings stipulated in the chart 
notes. Many manuals provide separate charts for different climb speeds. For example, 
one chart is provided for maximum rate-of-climb data, and another chart supplies 
information for a normal climb that uses a lower power setting. The normal climb 
reduces stress on the engine, provides better engine cooling, and gives you better 
visibility over the nose. Your passengers 
will appreciate the lower noise level in the 
cabin, and there will be less noise on the 
ground as you fly over. Unless there is information on time, fuel, and distance 
some reason to climb at the maximum required to climb from one altitude to 

rate, such as terrain or obstructions in another. Remember to subtract the values for the 

your departure path, you will usually pre- starting altitude. See figure 12-47. 

fer to use the normal climb. [Figure 12-47] 


Climb performance charts usually provide 
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TIME, FUEL, AND DISTANCE TO CLIMB 


T 


RATE OF 
CLIMB 
FPM 


WEIGHT 
LBS ALT 


© 


Find the time, fuel and distance to 
be subtracted for departing an 12,000 
airport at a pressure altitude of 16,000 
4,000 feet. 


24,000 


Se 
4000 
8000 
12,000 
16,000 
20,000 
24,000 


Subtract the values for the takeoff Time: 25 -4= 21 
altitude from the values for the cruise Fuel: 59 - 10 = 49 
altitude. Distance: 54 - 8 = 46 


Figure 12-47. In this example, you want to make a normal climb at an aircraft weight of 3,700 pounds from 
an airport at 4,000 feet pressure altitude to a cruising altitude of FL200, when the temperature is 16°C above 


standard. This results in a time of 25.2 minutes, fuel consumption of 76.8 pounds, and a distance of 55.2 
nautical miles. 


Since the service ceiling is the altitude where the maximum rate of climb is 100 f.p.m., 
you can often use a maximum rate-of-climb chart to determine the service ceiling for 
different aircraft weights or outside air temperatures. Start with the 100 f.p.m. rate-of- 
climb, and work back through the chart to the pressure altitude. [Figure 12-48] 
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CLIMB — TWO ENGINES — FLAPS 0% 
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Figure 12-48. When the outside air temperature is -20°C and the aircraft weight is 11,400 pounds, the service 
ceiling is a pressure altitude of approximately 32,000 feet. 


CRUISE PERFORMANCE GHARTS 


The performance of the airplane in cruise depends on many variables. You have direct 
control over some of them, such as manifold pressure, propeller r.p.m., and fuel flow 
settings. You can also exercise indirect control over some of the other variables, for 
instance, selecting an altitude that provides favorable winds or temperatures. You 
need a thorough understanding of the effects of each variable on the airplane’s overall 
performance, so you can decide on the best combination for each particular flight. If you 
increase power to add a couple of knots to your airspeed, will you cut into your fuel 
reserve? Do the performance penalties of flying the airplane at a lower power setting 
with a heavy fuel load cancel out the time savings of skipping a fuel stop? The 
cruise performance charts contain the information you need to answer questions like 
these. Besides the elements in the performance charts, you also will want to consider 
less tangible factors, such as the stress on the engine. The effects of high operating 
temperatures, high manifold pressures, excessively lean mixture settings, and 
other harsh operating procedures can increase maintenance costs and, in some cases, 
compromise engine reliability. 


As you know, if you maintain the same power settings, you can generally expect higher 
true airspeeds at higher altitudes. This is due to the reduction in drag as air density 
decreases. Going faster and farther while using fuel at the same rate is an attractive idea, 
however, the lower airspeed and high power setting during a long climb may offset the 
benefit of a high cruising altitude. Always remember to consider the wind direction at 
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altitude, since even a few degrees of wind correction angle or a few knots of headwind 
can reduce your groundspeed significantly, and winds are typically stronger the higher 
you fly. 


The mixture must be adjusted to compensate for the reduced air density at higher 
altitudes. Two popular methods of setting the mixture involve using an exhaust gas 
temperature (EGT) gauge or a fuel flow meter. Always follow the manufacturer’s 
recommendations for leaning, both to avoid possible engine damage and to obtain the 
fuel consumption values that you determined in your preflight planning. A seemingly 
minor difference in mixture setting could result in a higher fuel flow rate, or in a lower 
true airspeed. Either situation could lead to fuel quantity problems on a long flight. 
Some performance charts distinguish between the mixture settings for best power 
and best economy. The best economy mixture is a leaner setting that results in lower 
fuel consumption and higher engine temperatures. Cruise performance charts can 
be used to determine the true airspeed expected under a particular set of conditions. 
[Figure 12-49] 


CRUISE PERFORMANCE 


3600 LBS. GROSS WEIGHT, FLAPS UP 


H : 
BEST POWER — MIXTURE LEANED TO 100° RICH OF PEAK EGT e 


BEST ECONOMY — MIXTURE LEANED TO PEAK EGT 
1650°F MAX ALLOWABLE EGT, WHEEL FAIRINGS INSTALLED 


piba i ee o SUBTRACT 8 KNOTS iF 
Go across to the power setting WHEEL FAIRINGS ARE 
BEST POWER 


l you have chosen. NOT INSTALLE B cesT ECONOMY — 


Read the true airspeed from the 
bottom scale. 


OUTSIDE AIR TEMPERATURE — °C TRUE AIRSPEED — KNOTS 


Figure 12-49. For a temperature of 10°C and a cruise pressure altitude of 10,000 feet, a 65% best power setting will 
result in a true airspeed of 144 knots. 


Range is the distance an airplane can travel with a given amount of fuel, while 
endurance is the length of time the airplane can remain in the air. The range and 
endurance charts in the POH help you to estimate how far you can go and how long you 
can remain aloft at various cruise power settings. In most cross-country situations, range 
is more desirable than endurance, since you will want to maximize the distance traveled 
per pound of fuel. Endurance might be more important in a holding pattern, or 
in circumstances where you do not want to arrive at a certain point before a specific 
time. Examples could include a clearance limit, a landing slot assignment, or when 
the weather is improving at your destination. Most charts include allowances for 
normal climb and descent, as well as for fuel reserves. [Figure 12-50] After obtaining a 


preliminary range from the chart, you must still adjust the result for the effects of 
any headwind or tailwind. 
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Figure 12-50. Suppose you need to determine how far you could fly with full tanks at a pressure altitude of 13,000 
feet at 55% power. Assume that the temperature is 10° above standard, and that the wheel fairings are not installed. 
The zero-wind range with a 45 minute reserve would be 721 nautical miles, and 800 nautical miles with no reserve. 
The range chart shown here is similar in format to the endurance chart for the same airplane. Note that this chart 
specifies the best power mixture, but the 45 minute reserve is based on the best economy mixture setting. Full 
range information using the best economy mixture would be found on a separate chart in the POH. 


Endurance: Several Months 


An airplane similar to this one should be capable of what the designers 
call semi-perpetual flight. Operating at altitudes up to 100,000 feet, the 
Centurion will convert sunlight into electricity to power its 14 electric motors. During 
the day, electricity will also be used to break water down into hydrogen and oxygen, 
which will be recombined in fuel cells to provide power at night. The crewless flying 
wing will have a longer wingspan than a 747, yet weigh only 1,105 pounds. The 
Pathfinder, pictured here, is essentially a smaller version of the Centurion. It flew to 
71,530 feet on solar power in 1997. 


There are many possible uses for such airplanes. High altitude scientific research, 
reconnaissance, communications relay, environmental monitoring, and earth-resource 


applications are a few likely prospects. 
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If you maintain the same engine horsepower, lower temperatures generally reduce 
your true airspeed, while slightly increasing your range and endurance. Higher 
temperatures have the reverse effect. Outside air temperatures on cruise charts may 
include International Standard Atmosphere (ISA) values, as well as colder and warmer 
temperatures. For instance, categories may specify ISA —20°C, standard day ISA, 
and ISA +20°C. Both Celsius and Fahrenheit 

values may be included. In addition, temperature 


figures for some manufacturers may be adjusted Range, endurance, fuel consumption, true 
for frictional heating of the temperature probe at P airspeed, and other cruise information can 
higher speeds. be obtained from cruise performance charts. 


See figures 12-49 and 12-50. 
As discussed in the preceding section, an 
airplane will realize its maximum range at the 
airspeed with the greatest ratio of lift to drag (L/D,,,,). Maximum endurance is achieved 
when using the minimum power necessary to maintain level flight. [Figure 12-51]. 


Figure 12-51. On the power- 
required graph, the maximum 
endurance power setting is at 
the lowest point of the curve. 
A line from the origin of the 
graph is tangent to the curve 
at the point corresponding to 
maximum range (L/D max)- 
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While the speeds for maximum range and endurance do provide high levels of 
efficiency, they are slow compared to normal cruise speeds. Bear in mind that most 
cruise performance charts do not include range or endurance information for less than 
45% power, which is far more power than the minimum required for level flight. As 
previously noted, the airspeed for maximum range is the same as the best glide speed, 
and the airspeed for maximum endurance is usually about 76% of the best glide speed. 
In many general aviation airplanes, these speeds are very close to the stall speed. 


DESCENT CHARTS 


Some manufacturers supply charts to help you plan your descent. For a given airspeed 
and configuration, you can use them to predict the time, fuel, and distance to descend 
from your cruising altitude to your destination. As with other performance charts, be 
sure to comply with the conditions specified in the chart. [Figure 12-52] 
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Figure 12-52. With the 
airspeed and configuration 
shown, the chart indicates 
that it will take about 14 
minutes to descend from a 
pressure altitude of 26,000 
feet to the destination at a 
pressure altitude of 4,750 
feet. In that time, the air- 
plane will use 132 pounds 
of fuel and cover 67 
nautical miles if the winds 
are calm. You can use your 
flight computer to adjust 
for the effects of wind. 
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LANDING DISTANCE GHARTS 

In many respects, landing distance charts are similar to takeoff distance charts. They 
normally include compensations for temperature, altitude, aircraft weight, and head- 
wind or tailwind component, and most provide the landing distance from a height of 50 
feet as well as the length of the ground roll itself. Manufacturers may incorporate other 
variables into landing charts, such as the configuration of flaps, touchdown speed, use 
of reverse propeller pitch or reverse thrust, or the amount of runway slope. Separate 
charts may be supplied for short field or 
obstacle clearance landing techniques. As 
with the other charts, be sure to take your 
own abilities and proficiency into account, 
and always leave yourself an adequate safety 
margin. [Figure 12-53] 
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Use landing charts to estimate landing 
distances and runway requirements. See 
figure 12-53. 


LANDING DISTANCE 
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Figure 12-53. This table indicates that at a pressure altitude of 3,000 feet and a temperature of 30°C, the minimum 
landing distance over a 50-foot obstacle in a 10-knot headwind is 1,535 feet. The ground roll with maximum braking 
is approximately 810 feet. 


GLIDE DISTANCE 


These charts show how far your airplane will glide at the best glide airspeed (L/Dmax); 
provided there is no wind. Some manufacturers place this chart in the Performance 
section while others place it in the Emergency Procedures section. The simplest chart 
shows maximum glide distance based on height above the terrain. The chart also shows 
the appropriate airspeed, and provides information on the configuration to be used. The 


glide ratio also may be included, expressed as a distance in nautical miles per thousand 
feet of altitude. [Figure 12-54] 
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Figure 12-54. If your engine quit at 18,000 ASSOCIATED CONDITION: 
feet AGL, the chart indicates that you could BEAR. UP 
s 4 r p : UP 
glide 39 nautical miles with no wind. The chart COWL FLAPS CLOSED 
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GLIDE DISTANCE — NAUTICAL MILES 


More detailed charts incorporate air temperature and pressure altitude, and are similar 
in use to the time-to-climb charts. Begin by calculating the glide range from your current 
density altitude to sea level, and then subtract the distance that would be covered from 
the height of the terrain to sea level. [Figure 12-55] 


GLIDE RANGE 


ASSOCIATED CONDITIONS: 
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engine failed at a pressure 
altitude of 12,000 feet with 
an outside air temperature 
of 0°C. If the terrain is at a 
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feet, the airplane will glide 

16.5 nautical miles if there 


is no wind. 
SEA LEVEL 
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STALL SPEEDS 
As discussed in the previous section, stall speed varies with factors such as weight, CG 
location, configuration, and bank angle. Because of the change in stall speed due to 
weight, many airplane flight manuals specify 
a higher approach speed when the airplane 
is heavily loaded. Manufacturers provide 
charts to help you estimate the stall speed for 
various conditions. [Figure 12-56] 


- Stall speed charts present the stall speeds 
that can be expected in various configurations 
and at different bank angles. See figure 12-56. 
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Find the stall speed at the 
most rearward CG for the 
conditions in question. 
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Interpolate to find the stall speed for a 
midrange CG under those conditions. 
65- 55= 10 

10+2=5 

55 + 5 = 60 KIAS 


WEIGHT 

LBS DEFLECTION 
Find the corresponding stall 
speed for the forward CG limit. 


Figure 12-56. To use this table, simply find the row for the appropriate flap deflection, and look across to the angle 
of bank in question. Note how the stall speed varies with the location of the CG. Interpolate to find stall speeds for 
intermediate CG locations. For example, if you know that the CG is about halfway between the limits, and want to 
know the stall speed with 30° of flaps and a bank angle of 45°, you can determine the stall speed to be 60 KIAS 
(halfway between 55 and 65 KIAS). With power on, most airplanes stall at a lower airspeed because of the airflow 
over the wings induced by the propeller. 


SUMMARY GHECKLIST 


v Atmospheric properties such as temperature, pressure, and humidity have 
predictable effects on airplane performance. 


¥ Density altitude affects all aspects of airplane performance, but the effects are most 
noticeable during takeoff and climb. 
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Your own proficiency must be taken into account when using performance charts. 


Headwind and crosswind components can be determined by using a wind compo- 
nent chart. 


Demonstrated crosswind capability must be at least 20% of Vso. 
Increasing the weight of your airplane increases takeoff and landing distances. 


Wet or icy runways decrease braking effectiveness and increase landing distances. 


Braking effectiveness is reported as good, fair, poor, or nil, or some combination of 
these terms. 


Hydroplaning is when the tires are separated from the runway surface by a thin 
layer of water. Hydroplaning not only increases stopping distances, it can also lead 
to complete loss of airplane control. 


Operating limitations are contained in the approved flight manual (AFM), 
approved manual materials, markings and placards, or any combination of these. 
For most modern airplanes, the pilot’s operating handbook (POH) is the approved 
flight manual. 


Even small tailwind components can increase takeoff or landing distances signifi- 
cantly. A tailwind increases your takeoff or landing distance much more than the 
same headwind reduces it. Climb and descent gradients are similarly affected. 


Range is the distance the airplane can travel on a given amount of fuel. Endurance 
is the amount of time an airplane can remain airborne on a given amount of fuel. 
The airspeeds for maximum range and endurance usually are very close to the air- 
plane’s stall speed. 


Because of the change in stall speed, airplanes are usually flown at a higher 
approach speed when they are heavily loaded. 


KEY TERMS 


Density Altitude Braking Effectiveness 

Headwind Component Hydroplaning 

Tailwind Component Pilot’s Operating Handbook (POH) 
Crosswind Component Range 

Demonstrated Crosswind Endurance 

Component 


QUESTIONS 


ilg 


If the stall speed of your airplane in its landing configuration (Vso) is 55 knots, 
what is the minimum demonstrated crosswind component? 


True/False. All other factors being equal, an increase in density altitude causes 
your airplane’s engine to produce more horsepower. 
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3. With very high relative humidity, how much of a reduction in engine output may 
be expected? 


A. 7% 
B. 12% 
(G noe 


Use the accompanying takeoff distance chart to answer questions 4 and 5. 


TAKEOFF DISTANCE 
MAXIMUM WEIGHT 4100 LBS 


SHORT FIELD 
CONDITIONS: NOTES: ret 
Flaps 20° 1. Short field technique as specified in Section 4. - : f 
2700 RPM, 37 Inches Hg, and Mixture 2. Decrease distances 10% for each 10 knots headwind. For operation with 
Set at 220 PPH Prior to Brake Release tailwinds up to 10 knots, increase distances by 10% for each 2.5 knots. i 
Cowl Flaps Open 3. For operation on a dry, grass runway, increase distances by 15% of the 
Paved, Level, Dry Runway “ground roll” figure. 


Zero Wind 
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FT I50FTOBS]| FT {50 FTOBS| FT |50FTOBS| FT j50FTOBS| FT {50FT OBS 


al : 


4. What is the minimum distance to take off and climb to an altitude of 50 feet, if the 
pressure altitude is 5,500 feet, the air temperature is 30°C, the total aircraft weight 
is 4,100 pounds, and you have a 10 knot headwind? 


5. What is the minimum ground roll for takeoff from a dry, grass runway at a pressure 
altitude of 3,000 feet and an air temperature of 25°C, with a 5 knot tailwind? The 
takeoff weight is 4,100 pounds. 


6. True/False. If you drained 120 pounds of fuel from the airplane in question 5, the 
takeoff roll would be shorter. 


Use the accompanying climb performance charts to answer questions 7, 8, and 9. 


7. What is the maximum rate of climb for a pressure altitude of 4,000 feet, an air tem- 
perature of 10°C, and an aircraft weight of 3,300 pounds? 


Ae 1,016 fom, 
Boe 110 1pm, 
Cr 190 pina 
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8. How much fuel would be required for a normal climb from an airport at a pressure 
altitude of 2,000 feet to a pressure altitude of 14,000 feet? The air temperature at 


ground level is 25°C, the temperature at 14,000 feet is —5°C, and the airplane weight 
is 3,600 pounds. 


A. 7 gallons 
B. 8 gallons 
C. 9 gallons 


9. How much time would it take to climb from a pressure altitude of 4,000 feet (tem- 
perature 15°C) to an altitude of 20,000 feet (temperature —30°C)? The airplane 
weight is 3,600 pounds. 


A. 22 minutes 
B. 26 minutes 
C. 27 minutes 


CLIMB PERFORMANCE 


2575 RPM, 36 INCHES M.P. (FULL THROTTLE ABOVE CRITICAL ALTITUDE 
MIXTURE FULL RICH, 90 KIAS, WHEEL FAIRINGS INSTALLED 
2-BLADE PROPELLER 


Bas 
+ FUEL, TIME AND DISTANCE TO CLIMB 
ASSOCIATED CONDITIONS: 
MAXIMUM CONTINUOUS POWER’, 3600 LBS. GROSS WEIGHT 
FLAPS UP, 90 KIAS, NO WIND 
EEEE GEI 


OUTSIDE AIR TEMPERATURE — ° FUEL, TIME AND DISTANCE TO CLIMB 
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Use the accompanying cruise performance chart to answer questions 10 and 11. 


10. 


Wal. 


T2 


CRUISE PERFORMANCE 
PRESSURE ALTITUDE 18,000 FEET 


CONDITIONS: 
4100 Pounds NOTE 
Recommended Lean Mixture 


Cow! Flaps Closed Power settings within shaded areas may not be 


obtainable, but are listed to aid interpolation. 


20°C BELOW STANDARD 20°C ABOVE 
STANDARD TEMP TEMPERATURE STANDARD TEMP 
— 21°C -1°C 


KTAS 


What is the rate of fuel consumption in cruise at a pressure altitude of 18,000 feet, 
with a manifold pressure of 28 inches, a propeller r.p.m. of 2,400, and an air tem- 
perature of —31°C? The airplane weight is 4,100 pounds. 


A. 99 pounds per hour 
B. 101.5 pounds per hour 
C. 188 pounds per hour 


What is the true airspeed under the conditions specified in question 10? 


True/False. If a runway has a gradient of more than .3%, it is listed in the airport 
information on navigation charts. 


PREDICTING PERFORMANCE SECTION B 


Use the accompanying landing distance chart to answer questions 13 and 14. 


NORMAL LANDING DISTANCE 


ASSOCIATED CONDITIONS: 
me IAS APPROACH SPEED 
OWER AS REQUIRED TO MAINTAIN WEIGHT (ASSUME ZERO INST ERROR) 
800 FT/MIN DESCENT ON POUNDS 
FINAL APPROACH 
GEAR DOWN 
FLAPS DOWN 
RUNWAY PAVED, LEVEL, 
DRY SURFACE 
APPROACH 
SPEED IAS AS TABULATED 
NOTE: GROUND ROLL IS APPROX. 53% 


OF TOTAL DISTANCE OVER A 
50 FT OBSTACLE. 


į 


A 


t REFERENCE LINE 
REFERENCE LINE 


+t 


0 


TOTAL LANDING DISTANCE OVER 50 FT OBSTACLE ~ FEET 


30 40 50 60 3600 3300 3000 2700 2400 0 10 20 30 
OUTSIDE TEMPERATURE ~ °F WEIGHT ~ POUNDS WIND COMPONENT ~ KNOTS 


13. For a weight of 2,800 pounds, what indicated approach speeed should you use? 


14. Determine the ground roll distance for this airplane at an air temperature of 42°F, a 
pressure altitude of 6,000 feet, an airplane weight of 3,100 pounds, and a headwind 
component of 6 knots? 


A. 822 feet 
B. 1,400 feet 
C. 1,550 feet 
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CONTROLLING 
WEIGHT AND 
BALANCE 


As a private pilot, you became aware of the importance of weight and balance control 
and learned how to determine the loading conditions of an airplane by using a variety of 
methods. While concepts and techniques for performing weight and balance computations 
are similar for commercial flights, there will be occasions when last minute load changes 
will require you to quickly amend your original loading computations. In addition, you 
will probably fly airplanes that are larger and have a greater variety of loading options 
than the airplanes you have been flying. To conduct safe and efficient flights, you should 
thoroughly understand the effects of various weight and balance conditions, as well as 
the terminology and techniques that different manufacturers provide for weight and 
balance control. 


WEIGHT AND BALANCE 
LIMITATIONS 


As discussed in the previous sections of this chapter, the weight and distribution of 
items carried in an airplane has a tremendous effect on aerodynamic stability and 
control, as well as affecting overall performance. One of your responsibilities as pilot in 
command is to consider whether the loading conditions of your airplane are within 
allowable limits before beginning a flight. These limits are established by the aircraft 
manufacturer and have been demonstrated to the FAA to meet airworthiness certification 
standards. When loaded within these limits, and under normal operating conditions, the 
airplane will be stable and controllable throughout the flight envelope. In addition, the 
performance values obtained from the POH will =_— 


allow you to plan your flight with sufficient EFFECTS OF EXCESSIVE AIRPLANE WEIGHT 
accuracy to help ensure safety. On the other UBS pms eee 
hand, if you fly an improperly loaded airplane, 
safety and performance will be compromised in 


many ways. [Figure 12-58] 


— Higher takeoff speed and longer takeoff run. 
— Reduced rate and angle of climb. 
— Lower maximum altitude. 
Figure 12-58. An important part of your preflight 
planning responsibility includes considering the 
weight limitations of the airplane. If you operate 
an airplane in an over-loaded condition, you may 
encounter a number of adverse performance 
effects, as shown in this table. 


MAXIMUM WEIGHT LIMITS 


As you know, you must maintain the total, or gross, weight of an airplane at or below 
maximum limits to provide safe operations. These weight limits are primarily established 
to maintain the structural integrity of the airframe up to the limit load factors. For 


— Shorter range and endurance. 


— Reduced cruising speed and maneuverability. 


— Higher stalling speeds. 


— Higher landing speed and longer landing roll. 


CONTROLLING WEIGHT AND BALANCE 


low-powered airplanes, the maximum weight limit is specified as maximum weight, 
maximum certificated weight, or maximum gross weight. However, with other airplanes, 
the manufacturer may also designate maximum 4 


weight limits for various stages of flight and 
ground operations. [Figure 12-59] 


Figure 12-59. In addition to the maximum weight limit established 
for the total weight of an airplane, manufacturers also designate 
weight limits for specific areas in the airplane such as baggage or 
cargo compartments. As seen in this photo, the areas are usually 
placarded to indicate the limitations. These weight limits are 
necessary to help prevent the airframe structure from being 
damaged when subjected to high G-loads. 


With many high-performance airplanes, a maximum ramp weight is specified, which is 
the maximum amount the airplane can weigh while on the ramp or during taxi. This 
weight limit is higher than the maximum weight allowed for takeoff to provide an 
allowance for the amount of fuel used from engine start until the takeoff roll. 
Occasionally you will find the manufacturer uses the term maximum taxi weight instead 
of maximum ramp weight, however, these terms generally represent the same limitation. 
In addition to maximum ramp or taxi weight, the manufacturer may specify a maximum 
takeoff weight and maximum landing weight. For these limitations, the manufacturer 
has determined that the total weight of the airplane permitted for flight may cause 
structural lead limits to be exceeded during landing. When maximum takeoff and 
landing weights are designated, the amount of fuel consumed during flight must be 
adequate to reduce the total weight of the airplane to the maximum landing weight 
before touchdown. For smaller airplanes, the difference between these weight limits is 
usually only a few pounds. If an emergency requires you to land immediately after 
takeoff, these aircraft will provide adequate structural strength for a safe landing. 
However, you should advise maintenance personnel of the overweight-landing 
occurrence, since the manufacturer generally requires special inspections to detect 
damage caused by the landing. [Figure 12-60] 


BISMARCK MUNI (Bis) 3SE UTC—6(-S5DT) N46°46.44' W100°44.87' TWIN CITIES 
1677 B S4 FUEL 100LL.JETA OX1,.2 ARFFiIndexB H—1D, L-10E 
RWY 13-31: H8794X150 (ASPH-PFC) S-117, D-153, DT-252 —HIRL 1AP 

RWY 13: MALS. VASI(V4L)—GA 3.0° TCH 54’. Pole. RWY 31: MAL 


RWY 03-21: H5107X75 (ASPH) S-30, D-45 MIRL Other landing gear 
RWY 03: PAPI(P4L)—GA 3.0° TCH 20’. RWY 21: PAPI(P4L)—GA 3.0° TCH 20’. Pole. | configuration types 
RWY 17-35: H4009X100 (ASPH) S-12.5,D-30 MIRL 0.7% up N shown here include: 


S—Single-wheel and 
_ DT—Dual-tandem. 


RWY 35: Pole. 


Figure 12-60. In connection with landing weight considerations, you also are required to verify that your airplane 
weight will not exceed the strength capacity of runways that you plan to use. These capacities can be determined 
by referring to the Airport Facility Directory, which indicates weight limits in relation to the type of landing gear 
installed on the airplane. In this example, Runway 13-31 at Bismarck Municipal (BIS), is capable of supporting 
153,000 pounds when an airplane is equipped with dual-wheel-type landing gear. 


For many large airplanes, the maximum ramp, takeoff, and landing weights are 
established for additional reasons. As with smaller airplanes, large aircraft may have 
maximum weight values designated for structural load limit considerations. However, 
manufacturers also impose maximum weight values in order for an airplane to meet 
various performance requirements. For example, when operating on a short runway, the 
maximum takeoff and landing weights may need to be reduced to provide adequate 
performance for the available runway length. Other performance considerations include 
evaluating the effects of density altitude, wind, and the mechanical condition of the 


airplane during takeoff and landing, as well as for climb or cruise. For example, in order a 


PRESSURE ALTITUDE ~ FEET 
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for your airplane to climb adequately, you may need to reduce the maximum amount 
of weight carried during takeoff. When a maximum weight value is designated for 
performance reasons, it is commonly referred to as an operational weight restriction. In 
contrast, if the maximum weight value is required for structural load considerations, it 
is generally referred to as a design weight limit. Operational weight restrictions can be 
determined by consulting the performance information in the POH. [Figure 12-61] 


TAKE-OFF WEIGHT — FLAPS 40% 
TO MEET FAR 25 TAKE-OFF CLIMB REQUIREMENTS 


12,000 


11,000 HARRAET: LS 4 
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Figure 12-61. The performance 
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chart shown here provides maximum 
takeoff weight restrictions for a twin- 
engine, turboprop airplane with 40% 
flaps selected for takeoff. In order 
to meet minimum climb performance 
requirements in the event 
i an engine fails, the maximum 
i takeoff weight may need to 
aS be adjusted. For example, 
il a weight restriction of 
INOPERATIVE approximately 11,920 pounds 
PROPELLER. . will be required when taking 
E off from an airport with a 
pressure altitude of 6,000 feet, 
and at a temperature of 30°C. 
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Weight — Before You Land 


To prevent structural damage, it is important to verify that an airplane is at or below its maximum landing weight before 
touchdown. An example of the effects of landing a heavy airplane occurred when Scott Crossfield had to make an 
emergency landing with the North American X-15 rocket plane. AS Courtesy of NASA Dryden Flight Research Center 

a result of an engine explosion and fire, Mr. Crossfield had to abort ca 

the flight and attempt to land with a heavy fuel load. Although the 
airplane design was adequate to handle the extra weight, as the 
nose gear touched down, the X-15 broke into two pieces at about 


design prevented it from absorbing the landing shock. When the 
nose gear touched down, nearly the entire nose gear landing 
load was transferred into the airframe structure. Once the nose 
gear design was corrected, the airplane was repaired and used in 
further research into the effects of high speed, high altitude flight. 


CONTROLLING WEIGHT AND BALANCE SECTION C i S 


Some airplanes also have a maximum zero fuel weight limit, which is the maximum 
amount the airplane can weigh without usable fuel. To determine zero fuel weight, 
you simply subtract the weight of the usable fuel on board the aircraft from the total 
weight. If the zero fuel weight is greater than the maximum zero fuel weight limit, items, 
other than fuel, must be reduced to lighten the load. These limits are necessary to 
establish the maximum weight that can be carried in the fuselage. If fuselage weight is 
excessive, the wings may flex too far upward when generating the lift required to support 
the aircraft. [Figure 12-62] 


Figure 12-62. By properly 
distributing weight between 
the fuselage and wings, the 
wings’ maximum load limits 
will not be exceeded, provided 
the aircraft is operated in 
normal flight conditions. 


CENTER OF GRAVITY LIMITS 


While it is important for you to maintain an airplane within allowable weight limits, you 
must also ensure that items loaded in your airplane do not cause the center of gravity 
(CG) to exceed the allowable range. The manufacturer establishes the CG range and 
designates it by the position of the forward and aft CG limit locations. These limits are 
expressed as a distance measured in inches from the reference datum. The reference 
datum, as you recall, is an imaginary vertical plane established by the manufacturer from 
which longitudinal measurements are made. Provided you load your airplane within the 
CG range, and given normal flight conditions, longitudinal stability and control of the 
airplane will be satisfactory. However, if the load causes the CG to exceed allowable 
limits, airplane control, stability, and efficiency will be affected. 


The effects of CG position can be better understood by reviewing the basic aerodynamic 
forces that act on various parts of the airplane. As previously discussed, when the wings 
produce lift, the resultant force is considered to act through a region called the center of 
pressure. In order to increase longitudinal stability and to improve stall characteristics, 
the center of gravity is usually located ahead of the center of pressure. For example, as 
the airplane approaches a stalled condition, the relationship of the CG to the center 
of pressure will tend to cause the airplane to pitch about the lateral axis toward a 
nose-down attitude. Although this is a desirable design characteristic, it causes the 
airplane to be in an unbalanced condition. To provide balance, the aerodynamic forces 
produced by the tail counteract the nose-down tendency. This means that for straight- 
and-level flight, the tail must exert a downward force to counteract the moment created 
by the relative position of the CG and the center of pressure. A moment, as you recall, is 
the product of weight, which is a force, times a distance or arm. Since the CG can be 
located at different distances from the center of pressure, the down force acting on 
the tail changes with the CG position. In reaction to the tail-down force, the airplane 
produces various flight and performance characteristics. 
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FORWARD CG EFFECTS 

When the CG is located near the forward limit, the airplane becomes more stable because 
of the equilibrium that is set up between the forward CG and the forces produced by the 
tail. For example, if the nose pitches downward, the angle of attack on the tail increases 
to create a greater tail-down force, which causes the nose to rise. On the other hand, if the 
nose pitches upward, the angle of attack on the tail decreases, resulting in a reduction in 
tail-down force, causing the nose to drop. Through a series of damping oscillations 
between nose-up and nose-down, the airplane eventually returns to a level flight 
attitude. However, as the airplane becomes more stable, its controllability decreases. 
This occurs because the tail must exert a greater force to counteract the stability of the 
airplane. As a result, the horizontal control surface must be deflected a greater amount 
to cause a pitch change. In fact, if the CG is located ahead of the forward CG limit, at slow 
airspeed it may be impossible for the control surface to exert enough force to sufficiently 
raise the nose. For example, during landing, an elevator may not be able to produce 
enough tail-down force, even when deflected to full travel. As a result, the nose of a 
tricycle gear airplane may strike the runway before the main gear, resulting in heavy 
loads being imposed on the nose gear and its supporting structure. While stability and 
control are influenced by a forward CG, the overall efficiency of the airplane is also 
affected. [Figure 12-63] 


CG LOCATED AT FORWARD LIMIT 


Aft CG Limit 


| Forward CG Limit |__| 


ia AR RRR ATE 


Figure 12-63. With the CG located near or beyond the 
forward CG limit, the tail-down force required to balance 
the airplane increases. This creates a heavier aerodynamic 
load on the airplane. To develop extra lift to overcome the 
additional tail-down load, the airplane must be flown at 

a higher angle of attack. As lift increases, induced drag 
becomes greater, causing the speed and fuel efficiency of 
the airplane to slightly diminish. The performance effects 
and flight characteristics of an airplane with a CG located 
at or beyond the forward CG limit are summarized with 
this diagram. 


BEYOND FORWARD CG EFFECTS 

— Higher takeoff speed and ground roll 

— Reduced rate and angle of climb 

— Lower maximum altitude 

— Reduced maneuverability 

— Higher stalling speed 

— Reduction in performance caused 
by increased tail-down loading 

— Reduced pitch authority 


AFT CG EFFECTS 
When the CG of an airplane is located at the aft limit, the amount of tail-down force 
required to maintain a balanced condition decreases because the CG is located closer 
to the center of pressure. This causes the horizontal control surface to become 
more effective. However, with the increased control responsiveness, it may be possible 
for you to over-control the airplane. In addition, the airplane will have a tendency to 
pitch-up due to the aft CG position, which could cause an inadvertent stall. As a further 
consideration, if the CG is located behind the aft limit, it may become difficult, or even 
impossible to recover from a stalled condition. Spins also are more critical with an aft 
CG, since the spin will tend to be flat, 
making recovery difficult or impossible. 
However, when the CG is located at the aft 


When an airplane is loaded with the CG 

limit, there is a slight increase in TAS and Rd near the aft limit, it tends to become unstable 
fuel efficiency due to the reduction of the about the lateral axis. = 
tail loading. [Figure 12-64] once Vine 
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CG LOCATED AT AFT LIMIT 


Aft CG Limit 


Tail-down Force 
a, 


BEYOND AFT CG EFFECTS 


— Decreased stability and 
increased susceptability 
to overcontrol 


— Increased stall speed 


Figure 12-64. A CG that is located aft of limits creates 
greater hazards than a CG located beyond forward limits. 
For the safest condition, it is preferred to fly with the CG 
located near the center of the CG range. The performance 
effects and flight characteristics of an airplane with an aft 
CG are included in this diagram. 


— Increased risk of stalls 
and spins of which recovery 
may be difficult or impossible 


D | Loading the Big Rigs 


The CG location in transport airplanes is usually expressed in terms of the percentage of mean aerodynamic chord 

(% MAC). As you know, a chord is the distance from the leading edge to the trailing edge of the wing, and on a 
tapered wing this distance varies from root to tip. The mean aerodynamic chord is the chord drawn through the geometric center 
of the planform of one wing. [Figure A] It is a convenient reference for weight and balance as well as aerodynamic purposes. The 
leading edge of the mean aerodynamic chord (LEMAC) is 0% MAC, and the trailing edge (TEMAC) is 100% MAC. The CG range 
typically falls between 15% MAC and 37% MAC. 


Since transport airplanes have a relatively DATUM UNE 
large CG range, control pressures can vary 
significantly even when the airplane is loaded 
within the approved CG envelope. To help 
compensate, the pitch trim 
is adjusted on the ground 
before takeoff according to 
the computed CG location. 
With the CG located toward 
the forward limit, more 
nose-up trim is set than 
when the CG is toward the 


STAB TRIM SETTING | 


y 860.2 
aft limit. The longitudinal S | 0% MAC 
trim on most large airplanes | = MAL = 1807 EMAC 
is controlled by changing i 1940.9 
the angle of the horizontal : Ş , 100% MAG 


{ TEMAL i 


stabilizer [Figure B], but 
at least one type of 
airplane moves the whole 
empennage. 
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LATERAL CG EFFECTS 
Lateral weight and balance control is not considered to be as critical as longitudinal 
control because of the symmetry that exists between the left and right side of the 
airplane. An exception occurs when fuel becomes unevenly distributed between left and 
right side fuel tanks which causes a lateral CG shift and wing heavy condition. In this 
condition, the ailerons can be positioned to offset the heavy wing. However, by deflecting 
the ailerons, drag increases, which causes a reduction in cruise speed, range, and 
endurance. To prevent the lateral imbalance, you should use fuel from left and right side 
fuel tanks simultaneously or alternate between the tanks at regular intervals. 


WEIGHT AND BALANCE 
DOCUMENTS 


In order for you to determine the weight and balance limitations and loading conditions 
of an airplane, you need to be familiar with the information provided in various weight 
and balance documents. These documents primarily include the weight and balance 
report and equipment list. A weight and balance report is initially prepared by the 
manufacturer and is maintained by the aircraft owner or operator. In addition, the report 
must be carried in the airplane anytime it is flown, in order to meet standard airworthiness 
requirements. Equipment lists are generally considered to be part of a weight and 
balance report, and are used to inventory the weight and location of standard and 
optional equipment installed in the airplane. 


WEIGHT AND BALANCE REPORT 


A weight and balance report is required for all airplanes, and may be presented in a 
variety of formats. For airplanes that are required to have a POH, the report is retained in 
the handbook. For these airplanes, the POH contains charts, graphs, or tables for use in 
determining loading conditions. In addition, the POH includes sample problems to 
demonstrate methods for performing 
weight and balance computations. 
Remember that the sample problems 
provide weight and balance values for a 
hypothetical airplane. You should never 
use these values for performing actual 
load computations. [Figure 12-65] 


Figure 12-65. When checking loading conditions, you 
must use the information provided in the specific weight 
and balance report developed for the airplane. For air- 
planes requiring a POH, the report is usually located in 
the weight and balance section of the handbook. 


For airplanes not requiring a POH, the 
manufacturer compiles the weight and 
balance report into a single document. 
For reports retained in this manner, the 
manufacturer usually provides informa- 
tion similar to that contained in the weight and balance section of a POH. For some older 
airplanes, the weight configurations of items that will produce acceptable flight conditions 
are detailed in loading schedules. These schedules may be displayed inside the airplane 
as placards, while others are contained in the weight and balance report. Regardless of 
the method used to determine loading conditions, you must make sure that the weight 
and balance information is appropriate and current for your aircraft. 
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Figure 12-66. To determine the empty weight and empty 
weight center of gravity location, maintenance personnel 
actually weigh an airplane by placing it on scales or other 
weighing devices. Many airplanes that are operated under 
FAR Part 91 requirements are only weighed when the 
airplane is new. On the other hand, airplanes used for 
commercial operations regulated under various other FAR 
parts, are required to be weighed at specific intervals to 
maintain accurate weight and balance records. 


Information found in a weight and balance report includes the empty weight and empty 
weight center of gravity position of the airplane. Depending on the certification 
requirements in effect when the airplane was manufactured, the empty weight may be 
referred to as a basic empty weight, or a licensed empty weight. Airplanes manufactured 
after March 1, 1979 use the term basic empty weight. This weight includes the standard 
airplane, optional equipment, unusable fuel, and full operating fluids including full 
engine oil. For older airplanes, the term licensed empty weight is used, which is similar 
to basic empty weight, except that engine oil is not included. For these airplanes, you 
must remember to include the weight of the 
oil when you perform weight and balance 
computations. As you recall, engine oil 
weighs 7.5 pounds per gallon, or 1.875 
pounds per quart. [Figure 12-66] 


Other information found in the weight and 


The empty weight of an airplane includes balance report includes maximum ramp, 
- unusable fuel, hydraulic fluid, and undrainable takeoff and landing weights, or the maximum 
oil, or, in some aircraft, all of the oil. weight only, as previously discussed. In 


addition, the useful load of the airplane will 

be indicated. Useful load, as you recall, 
includes usable fuel, pilot and crew, passengers, baggage or cargo, and engine oil, if it is 
not already included in the empty weight. If applicable, the maximum zero fuel weight 
limit will also be included in the report. 


EQUIPMENT LIST 

As previously mentioned, an equipment list provides an inventory of the weight and 
location of standard and optional equipment installed in the airplane. When a POH is 
required, the equipment list will usually be inserted in the weight and balance section of 
the handbook. On airplanes not requiring a POH, the equipment list is included in the 
weight and balance report. The list includes 
permanently installed components such as radio 
equipment and flight instruments, as well as 
some removable items such as the POH, portable 
fire extinguishers, tow bars, and other similar 
items. If you are unsure if an item is part of the 
empty weight, you can refer to the equipment list 
to determine if it is included. [Figure 12-67] 


ment, pertinent items are marked with a check mark 
or an X. 


SECTION C 


Figure 12-67. For most airplanes, the equipment list occupies 
a number of pages in the POH. These lists often include 
equipment that may be available from the manufacturer, but 
are not installed in your airplane. To designate installed equip- 


12779 


1 2-80 


CHAPTER 12 AERODYNAMICS AND PERFORMANCE LIMITATIONS 


When the installation or removal of equipment alters an airplane, the technician or 
agency conducting the alteration must revise the equipment list to reflect the change. In 
addition, the weight and balance report 
also will be revised to reflect changes to 


| When using weight information given in a the empty weight, empty weight CG and 
Rd typical aircraft owner’s manual, the actual useful load. Remember, when equipment 

useful load of the aircraft may be lower is added to an airplane, the empty weight 
than that shown in the manual because of the installation increases, which causes a decrease in the 
of additional! equipment. useful load. 


WEIGHT AND BALANGE 
COMPUTATIONS 


To determine if an airplane is properly loaded, you must perform weight and balance 
computations to verify that both total weight and CG are within allowable limits. 
To compute total weight, you merely add the weight of useful load items to the 
empty weight. Although weight computations are reasonably easy to perform, balance 
computations require you to have an understanding of various terms and principles. 
Once you understand these, balance computations are easy to perform. 


MOMENT GOMPUTATIONS 
In order to determine the effects that useful load items have on balance conditions, you 

must calculate the moment that each item produces. A moment, as you recall, can be 

found by multiplying the weight of an item by its arm. For 

weight and balance purposes, an arm is the horizontal SEATING AND LOADING ARRANGEMENTS 
distance in inches that an item is located away from the 
reference datum. To designate the position of an item as 
being ahead of or behind the reference datum, the arms are 
assigned positive or negative values. Items located ahead 
of the reference datum have negative values, while 
items located aft have positive values. To alleviate 
computations with negative numbers, some manufacturers 
locate the reference datum on the nose or at some point 
ahead of the airplane. For these aircraft, items cannot be 
loaded ahead of the reference datum, so all arm values are 
positive. [Figure 12-68] 


Figure 12-68. An arm may also be expressed as a fuselage station (F.S. 
or sta.), which identifies various longitudinal locations in the airplane. For 
some cabin configurations such as those used for carrying cargo, arms or 
F.S. values are separated into zones. Zones are often identified inside the 
airplane by the location of seams in floor panels, or by placards installed 
along the cabin walls. 


The moment of an item may be regarded as a torque or 
twisting force that is applied about a fulcrum, and is 
expressed in pound-inches. Since the product of the 
weight and arm can result in relatively large numbers, 


2-PLACE SEATING 
* Pilot or front passenger center of 


' j , sÁ gravity on adjustable seats positioned for 
l When the reference datum is —— ag an average occupant with the seat 

_ ahead of the nose, the moment index will locking pin at station 145.0. Numbers in 

always be positive when items are loaded parentheses indicate forward and aft 
PEE i limits of occupant center of gravity range. 


= Cargo or baggage area center of 
gravity in zones 0 thru 6. 


CONTROLLING WEIGHT AND BALANCE SECTION C 


most manufacturers use moment indexes. These are merely moments that have had 
a reduction factor applied to help simplify weight and balance computations. For 
example, a moment of 130,000 pound-inches will have a moment index of 130 when a 
reduction factor of 1,000 is applied. [Figure 12-69] 


Figure 12-69. When performing moment 
computations, you need to remember that 
the moment may be positive or negative, 
depending on a variety of conditions. 
Conditions that affect moment signs are 
summarized in this illustration. 


Weight added (+) x Arm ahead of datum (-) = (-) Moment 
Weight removed (-) x Arm ahead of datum (-) = (+) Moment 


Weight added (+) x Arm aft of datum (+) = (+) Moment 
Weight removed (-) x Arm aft of datum (+) = (-) Moment 


DETERMINING CENTER 
OF GRAVITY POSITION 


Once you have calculated the moment of each useful load item, you can locate the CG by 
determining the total weight of the items and the total of the moments. By dividing total 
moment by total weight, you can derive 
the CG position in inches from the datum. SOSS a? 
An example of this procedure, using a To compute the combined CG of assorted 
variety of weights at different locations weights, į find the moment of each item by 
from a datum, is shown in figure 12-70. j ng the item, weigitts by the aii To 
-find the CG location, divide the total moment by the è 
n a na 
total weight. n tė Po * « ji e7 
D - = ” eo =s ` = 


Given: 
Weight A—175 pounds at 135 inches aft of datum 


Weight B—135 pounds at 115 inches aft of datum 
Weight C—75 pounds at 85 inches aft of datum 


Find the CG location of the combined weights. 


Solution: 


Figure 12-70. To find the 
combined CG of various 
weights, perform the 
arithmetic operations as 
shown in this diagram. 
The combined CG of the 
given weights is located 
at 118.246 inches. 


Weight Xx Arm = Moment 


175 pounds ——Pe 135inches ———Je 23,625 pound-inches 
135 pounds =——3e = 115 inches ——} 15,525 pound-inches 
75 pounds ——Be 85inches ———3e 6,375 pound-inches 


=. 525 pound-inches 


385 pounds ~ 
Add the weights and moments. T 
Multiply each weight by its 
arm to find the moment. 45,525 45,525 poundinches anes 


iM 385 > 385 pounds N | By dividing the moment by 
| the weight you can find the 
CG of the combined weights. 

plies 118.246 inches 
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WEIGHT AND BALANCE 
CONDITION CHECKS 


To verify that an airplane is loaded within acceptable weight and balance limits, manu- 
facturers prescribe various methods for checking weight and balance conditions. Among 
these are the computation, table and graph methods for determining the total weight and 
CG location of the airplane. From your previous flying experience, you are probably 
familiar with each of these methods. However, as you progress into flying larger and 
more complex aircraft, you will likely encounter a greater number of loading considera- 
tions. To help you understand some of these considerations, the following sample 
weight and balance condition checks represent airplanes that you will likely encounter 
when conducting commercial flights. 


COMPUTATION METHOD 
The computation method for checking weight and balance conditions can generally be 
used with any airplane. The first step is to locate the empty weight and empty weight CG 
position in the weight and balance report. In most cases, the report also includes the 
empty moment of the airplane. Once these are located, list them on a note pad or a copy 
of the weight and balance loading form supplied in the POH. Next, list the weight of all 
useful load items. To convert aviation fuel from gallons to pounds, you can use the 
standard six pounds per gallon or the weight specified by the manufacturer. By follow- 
ing a sample weight and balance condition check, you 
can see how a loading form helps you complete weight 
and balance computations. [Figure 12-71] 


pt E 
LOADING FORM PON ‘a 


1. Basic Empty Weight (Use the data pertaining 
to your airplane as itis presently equipped. 
Includes unusable fuel and fuel oil) 


Begin filling in the loading 
form by entering the weight 
arm and moment of the empty 
airplane from the weight and 
balance report. 


Moment $ 
(Ibs - ins. $ 
/1000) 


Record the weight and arm of 
each useful load item. 
Multiplying the weight by the 
arm provides the moment of 
the item. 


LOADING 
ARRANGEMENTS 


* Pilot or passenger center of gravity r 
on adjustable seats positioned for 

average occupant. Numbers in 
parentheses indicate forward and aft 


N 


. Usable fuel (At 6Lbs./Gal.) 
Standard Tanks (89 Gal. Maximum) 


Standard Reduced Fuel (64 Gal.) 


*Long Range Tanks (115 Gal.) X 6 lbs. 


Long Ranged Reduced Fuel (80 Gal.) 


ao 


. Pilot and Front Passenger (Station 34 to 46) 


t= =i 


a 


. Center Passengers (Station 59 to 76) 


p 


Aft Passengers 


ruh 


limits of occupant center of gravity aa 
(59-76) 


range. 


D 


**Baggage (Area *A") 
(Station 124 to 152) 200 Lbs. Max. 


** Baggage area center of gravity. 


N 


. **Baggage - Aft (Area “B") 
(Station 152 to t66) 80 Lbs. Max. 


ele feet] RTR 


NOTES: i 

1. The usable fuel C.G. arm is located 
at station 43.0 (standard fuel tanks) 
and 42.0 (long-range tanks) 

2. The aft baggage wall (approximate 
station 166 can be used as a 
convenient interior reference point for 

determining the location of baggage 

area fuselage station. 


. RAMP WEIGHT AND MOMENT 


cs) 


Fuel allowance for engine start, taxi and runup 
10. TAKEOFF WEIGHT AND MOMENT 
(Subtract step 9 from step 8) 


Add all the weights, and then 
the moments, to determine the 
ramp weight of the airplane. 


Sn 
Ole 


By locating an item on the 
loading arrangements diagram, 
you can determine the arm of 
the item. 


Figure 12-71. Using a weight and balance loading form allows you to 
perform an organized and complete evaluation of the airplane's loading 
conditions. A sample loading form is shown here on the left. To provide 
a convenient method of locating arm distances to be used with the loading form, manufacturers also provide loading 
arrangement charts, similar to the one shown on the right. By referring to this chart, you can readily visualize the arm 
distance of various useful load items. 
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CONTROLLING WEIGHT AND BALANCE SECTION G 


After you have entered weight and moment values on the loading form, add the weights 
to determine the total weight of the airplane and then add the moments to find the total 
moment. Before continuing, check to make sure that the total weight does not exceed the 
maximum ramp weight limit specified by the manufacturer. The ramp weight limit may 
be shown on the loading form, or you may need to determine maximum weight limits by 
locating them in the limitations section of the POH. By referring back to the loading form 
in figure 12-71, you will notice that the manufacturer has determined that 18 pounds of 
fuel is considered to be used during engine start, runup, and taxi. This fuel weight and 
moment can be deducted from the total weight and moment amounts to determine the 
airplane’s weight and balance condition for takeoff. Once these adjustments have been 
made, a CG moment envelope chart can be used to determine if the adjusted weight and 
moment values are within allowable limits. These charts depict the forward and aft 
CG limits, maximum weight values and also include notes regarding special loading 
considerations. [Figure 12-72] 


The total weight of the airplane 
at takeoff is at 4,087 pounds. 


LOADED AIRPLANE MOMENT/1000 (KILOGRAM - MILLIMETERS) 


If the intersection of the two lines falls inside the 
envelope, the CG is within allowable limits. However, 
you need to read all notes that are associated with 
the graph to identify special loading considerations. 


CODE 
- ~— TAKEOFF AND LANDING 
— — — — TAKEOFF ONLY 


EPRA 

3600 tt | | | 7 / 

EHEENP Aa 
Bll ryt: Up i) 


/ 
VAL stated 


È 


MAXIMUM 
FUEL BURN-OFF 


LOADED AIRPLANE WEIGHT (POUNDS) 


STANDARD FUEL SYSTEM __ 


LOADED AIRPLANE WEIGHT (KILOGRAMS) 


Loadings within the lightly shaded areas are 
satisfactory for takeoff and landing, except 
where takeoff weight is more than the 
maximum landing weight of 3900 pounds. In 
this case, flight time must be allowed for fuel 
burn-off to at least 3900 pounds before 
landing. 


In the darker shaded areas, representing 
appropriate fuel system, takeoff is approved but 
computation of loading after estimated fuel bum- 
off must be made to verify that the CG will remain 
within overall envelope for landing. 


160 170 180 190 200 /210 220 


LOADED AIRPLANE MOMENT/1000 (POUND - INCHES) 
The total moment of the airplane 
is at 207.46 pound-inches /1000. 


i 
Figure 12-72. By using the CG moment envelope chart, you can see that the loading conditions of the 
sample airplane are within limits, but fall within a darker shaded area of the CG envelope. in this case, 
you need to comply with the notes contained on the chart. 
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or al 


To determine if the CG of the sample airplane will remain within limits, you need to com- 
pute how much fuel will be used during flight. Normally this will include the amount 
used for takeoff, climb, and cruise. For example, assume that the sample airplane uses all 
but 45 minutes of fuel during flight. If the airplane burns 13 gallons per hour (g.p.h.) 
during cruise, you can divide 13 g.p.h. by 60 minutes to arrive at .217 gallons per minute 
(g.p.m.) fuel consumption. By multiplying .217 g.p.m. by 45 minutes, you find that the 
fuel remaining in the aircraft will be approximately 9.75 gallons. By multiplying 9.75 
gallons by 6 pounds per gallon, you can see that there will be 58.5 pounds of fuel remaining 
in the airplane upon landing. Since the airplane originally contained 690 pounds of fuel, 
the weight of the airplane will decrease by 631.5 pounds (690 pounds — 58.5 pounds). To 
determine the effects on the CG, follow the example in figure 12-73. 


Weight Moment/1000 


Original Aircraft 
Welghtand Maren = 4+4087.0 pounds +207 46 pound-inches 


Fuel Reduction 


Weight and Moment ~ ~©OlOpounds x 42Zinches -2652 pound-inches 
+94.9 pounds +0.94 pound-inches 


After multiplying the weight 
by the arm, divide by 1000 
to find the moment index. 


Use the new weight and moment on the 
center of gravity moment envelope to 
determine if the CG is within allowable limits. 


Since the intersection of the two lines falls outside the 
envelope, you will need to reposition items to maintain the 
CG within allowable limits. In this example, the CG is located 
approximately 940 pound-inches behind the aft CG limit. 


LOADED AIRPLANE MOMENT/1000 (KILOGRAM - MILLIMETERS) 
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 


CODE 
TAKEOFF AND LANDING 
— — — — TAKEOFF ONLY 


PSS 


The total weight is at 
3455.5 pounds after 
computing fuel usage 
for the flight. 


abo. 


LOADED AIRPLANE WEIGHT (KILOGRAMS) 


—" 


|| | || | ZA 
_ ae 
ae po | | Fe 
„| | | ZZ 
a 


A 
BEEK... 


MAXIMUM 
FUEL BURN-OFF 


Figure 12-73. Once you have 
determined how much weight 
will be lost during flight due to 
fuel consumption, perform a 
second weight and balance 
computation as shown above, 
to determine if the airplane 
remains within the CG enve- 
lope. In this example, you can 
see that the CG falls aft of 
limits by approximately 940 
pound-inches. 


LOADED AIRPLANE WEIGHT|(POUNDS) 


STANDARD FUEL SYSTEM 


Loadings within the lightly shaded areas are 
satisfactory for takeoff and landing, except 
where takeoff weight is more than the 
maximum landing weight of 3900 pounds. In 
this case, flight time must be allowed for fuel 
burn-off to at least 3900 pounds before 
landing. 


in the darker shaded areas, representing 
appropriate fuel system, takeoff is approved but 
computation of loading after estimated fuel burn- 
off must be made to verify that the CG will remain 
within overall envelope for landing. 


110 120 130 140 150 160 170 
LOADED AIRPLANE MOMENT/1000 (POUND - INCHES) 


90 100 


The total moment is at 180.94 
pound-inches/1000 after computing 
fuel usage for the flight. 
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CONTROLLING WEIGHT AND BALANCE SECTION C 


When the CG position falls out of allowable limits, you can correct the condition by 
repositioning items to different locations. When possible, it is more practical to move a 


heavy item since you only need to reposition 
it a short distance. To help determine the 


amount of weight that must be moved, you 
can perform a weight shift computation. 
A weight shift computation example is 
provided later in this section, and provides 
a solution to the out of balance condition of 
this airplane. 


To determine the effects of fuel consumption 
Rd on weight and balance, calculate the 
å weight of fuel consumed for the specified 
period of time. Once the weight has been determined, 
deduct it from the original fuel weight and recompute 
the weight and balance for the airplane. 


GRAPH METHOD 


To reduce the need to perform arithmetic operations when performing weight and 
balance condition checks, some manufacturers provide graphs to check loading 
conditions. With the graph method, you essentially perform the same operations as those 
used with the computation method. However, determining the moment of an individual 


To find the moment of a useful 


item is easier when you can consult a loading graph, which provides the moment of 
© various items at different weights. [Figure 12-74] 
load item, begin by locating 
the weight of the item. 


Loo LOADINGFORM o 


Weight Moment Index 
(Lbs.) (In-Lbs./1000) 


L522 | 25426 


Basic Empty Weight 
Pilot and Front Passenger 


Passengers (Center Seats) | 
(Forward Facing) 

Passengers (Center Seats) 
(Aft Facing) (Optional) 

Passengers (Rear Seats) d i 


Passenger (Jump Seat) (Optional) an 
Baggage (Forward) (100 Lbs. Max.) a 


pe 
aos zl 


Baggage (Aft) (100 Lbs, Max.) 
Zero Fuel Weight (4470 Lbs. Max - = 
[m 

Fuel (93 Gal. Max.) - Std. y 
(123 Gal. Max.) - Opt. = 


ee | 


Fuel Allowance for Start, Taxi, 


Runup 22 
Takeoff Weight (4750 lbs. Max.) 4AA 


Figure 12-74. By using a loading graph such as the one shown 
here, you can complete a loading form with reasonable ease. In 


this example, you can see that the weight of the airplane with- 
out fuel is less than the maximum zero fuel weight. If the zero 
fuel weight were to exceed the maximum limit, the weight of 
useful load items, other than fuel, would need to be reduced to 


correct the condition. 


After you have computed the total weight 
and total moment of the airplane, you can 
refer to a CG range and weight chart to 
determine if the airplane is loaded within 
the CG envelope. These charts are similar to 
a CG moment envelope, except that you use 
the arm of the CG instead of the total 
moment of the airplane. [Figure 12-75] 


750 
mamma ARNAT E EE 


se, aaja 
CCC Z 

Lenn 
alee eal | aa 


4 
A JJ 
A a 


5 10 16 


LOADING GRAPH 


Move straight across until |} 
the weight line intersects a A 
panam 


diagonal line that identifies H4 


ea eoE aorSr gge 
EED 
mme 


| a TE 


20 25 30 6s o 4 50 56 60 65 70 


MOMENT/1000 (POUND-INCHES) 


By dropping straight down, you can find the 
moment of the item. Record the moment on 
the loading form and repeat the process for 
each remaining useful load item. 


To perform weight and balance condition 
checks you can use a loading graph to find 
the moment of all useful load items. Once 
the totai weight and total moment are computed, 
determine if the moment and weight are within allowable 
limits by using a center of gravity envelope graph. 
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The amount of fuel consumed 
during flight must be adequate 
to reduce the total weight to 
an amount at or below the 
maximum landing weight. 


The total weight of the 
airplane is located at 
4,694 pounds. 


CG RANGE AND WEIGHT ENVELOPE Ə 


4750 —— MAX T.O. WEIGHT 
4694 90 


— | 
4600 Ka m e) 
4513 — MAX LANDING WEIGHT -— 
4470 —— MAX ZERO FUEL WT — 
i ARE | 
4200 fo 
Figure 12-75. To find 4000 A 
rom the elrence ~ ORT ETT) 
from the reference 
datum, divide the total sue 84 
moment of the airplane 
by the total weight. l 3600 
Once the CG position is 
known, you can use the s2/\ 
CG range and weight 3400 
chart to determine if the 
airplane is properly 
loaded. 3200 
3000 _ V eee | © 
z 5 
| È 
2800 _ = s 
5 a 
2600 — aon o 
u e 
< 2 
2400 _ oe @ The CG of the airplane is 
= 2 VALE located at 94.06 inches. 
u 
2200] = _S CG RANGE AND 


82 84 86 88 90 92 94 WEIGHT ENVELOPE 
CG LOCATION (INCHES AFT DATUM) 


Moment change due to retracting landing gear = -32 pound-inches 


TABLE METHOD 


Many manufacturers of large airplanes supply tables to simplify weight and balance 
computations by tabulating the moments of useful load items at various weights and 
fuselage station locations. Because large airplanes often have a variety of possible cabin 
configurations, you need to first determine which tables to use. To accomplish this, 
manufacturers provide cabin configuration diagrams, which illustrate various positions 
of the cabin furnishings. By identifying the diagram that matches your airplane’s 
configuration, you can determine which tables to use for weight and balance computations. 
Once the tables have been identified, use a loading form to list the weights, arms, and 
moments of the useful load items carried in the airplane. For large airplanes, these loading 
forms may include additional weight considerations such as payload and basic operating 
weight. Payload can be thought of as potential revenue generating items such as passengers 


and baggage or cargo, while basic operating weight includes the airplane and crew, but 
without fuel and payload items. [Figure12-76] 
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CONTROLLING WEIGHT AND BALANCE 


H 


E i BASIC EMPTY COND. 
E OR CARGO WEIGHT 
E PILOT'S BAGGAGE | 10] 


Paa] 


STANDARD SEATING CONFIGURATION 1 
—— m 


F.S. 30.0 


F.S. 84.0 — 


COCKPIT 


CABIN 


AFT CABIN 


F.S. 348.0 


OCCUPANTS 
CREW CHAIR POSITIONS LAVATORY SEAT 
a | esi | esin | rss | rsa | s.250 | rs293 | es. s3s | 
If the payload weight is not he a an a a a —_—— 


indicated on the table, MOMENT/100 


determine the moment for half 
the payload. Multiplying the 
moment by 2 will give you the 
total payload moment. 


USABLE FUEL 


6.5 LB/GAL 
WEIGHT | MOMENT 


GALLONS 


BAGGAGE 


AFT CABIN 
F.S. 332 
CONFIGURATION III * 


AFT CABIN 
F.S. 325 
CONFIGURATIONS I&II * 
MOMENT/100 


(Clothing on Hangers) 
FOYER 
F.S. 292 


S8SsSssss 


Figure 12-76. The POH for the airplane contains multiple cabin configuration diagrams. By using the diagram that 
matches your airplane configuration, you can readily identify the fuselage station of useful load items. 


Once you have determined the total weight and total moment of the airplane, you can 
refer to a moment limit versus weight table to determine if the airplane is loaded within 


allowable CG limits. [Figure 12-77] 
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CHAPTER 12 


AERODYNAMICS AND PERFORMANCE LIMITATIONS 


MINIMUM MAXIMUM 
WEIGHT MOMENT/100 = MOMENT/100 


Figure 12-77. By locating the total weight 
of the airplane, you can determine the 
range of moments that will produce an 
acceptable CG location for flight. In this 
illustration, the sample airplane’s moment 
is found to be within allowable limits. MAX 


| By interpolating between the 
| weight values, you can determine | 
i that the takeoff moment of 20,269 | 
pound-inches /100 is within allow- | 
able limits. 


WEIGHT SHIFT 
COMPUTATION 


During weight and balance computations, you may find that either the weight of the 
airplane or its CG location is beyond acceptable limits. Usually, decreasing weight is 
a fairly simple matter, especially if you accomplish it before the airplane’s CG is 
calculated. However, if you change the load to adjust the CG, the computations are 
somewhat more complex. You can use the following 
formula to solve weight shift problems. 

Weight of cargo moved 

By performing a few sample weight shift problems, =~ = 
you can see how to apply this formula. In the first 
example, assume you have a loaded airplane 
weight of 3,200 pounds and a CG of 45.6 inches. A 


Airplane weight 


box weighing 120 pounds is moved from cargo area B, which has an arm of 99 inches, to 
cargo area A, with an arm of 70 inches. How many inches will the CG move when this 
weight is shifted? [Figure 12-78] 


Figure 12-78. As shown in this 
Distance CG Moves illustration, the first step is to 
Cargo Area Weight of Box determine the known values. For 
example, the distance between 
cargo areas A and B is 29 inches. 
Next, insert the other known values 
into the formula and solve for the 
unknown variable. In this case, the 
unknown variable is the 
distance the CG moves forward 
when the weight is shifted. Solving 
this equation results in the answer 
of 1.1 inches. 


For the next example, recall that the CG of the sample airplane used in the computation 
method problem exceeded aft limits when fuel was consumed during flight. To correct 
the aft CG condition, you need to reposition useful load items farther forward so that the 
CG will move approximately 940 pound-inches in order to remain within limits throughout 
the flight. In the sample aircraft, there are two baggage compartments; area A at 138 
inches and area B at 159 inches. By moving a certain amount of weight from baggage 


CONTROLLING WEIGHT AND BALANCE SECTION C 


area B into area A, you can cause the CG position to move forward within limits. To 
determine how much weight to move between the compartments, you can use the 
weight shift formula. However, the formula uses CG positions expressed as arms, while 
the CG moment envelope, used in the sample problem, expresses balance limits 
in moment indexes. When moment indexes are used to convey balance limits, 
the first step to solving a weight shift problem is to convert moment values into 
CG locations or arms. Once these are determined, you can solve for the amount 
of weight to move by using the weight shift formula. [Figure 12-79] 


Figure 

12-79. Notice that the aft moment limit of the sample airplane is located at 180 pound-inches /1000 when the 

airplane weighs 3,455.5 pounds. To find the arm of the aft limit, divide the aft limit moment by the weight of the airplane. 
In a similar fashion, you need to find the 
Distance to Move CG Distance Between Arms arm or CG of the loaded airplane. This is 


Airplane CG: 52.36 inches Baggage Area B: 159 inches accomplisnon by oN ihe atrpiano a 


Desired CG: 52.09 inches Baggage Area A: 138 inches moma AAE EE ONEEC C- 
AE -raes putations are complete, you can use the 


weight shift formula to determine how 
Weight to Shift nS Distance CG moves much weight to move between the baggage 
X. ee, seek areas. The solution to the weight shift 
3,4455 ~ 21 problem is shown here. 


Weight of Airplane a = Distance Between Arms 
X = 44.3 pounds 


LOADED AIRPLANE MOMENT/1000 (KILOGRAM - MILLIMETERS) 
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 


É ESENS pL a 


4100 -1850 
CENTER OF GRAVITY s 
4000 = P. aft limit moment location on the 
MOMENT ENVELOPE 800 
envelope is approximately 180 pound- 
3900 |— inches/1000. Convert the moment to an 
— F FF AND LANDING 750 
age Oore ae . arm by the following computation: 
3800 -— 
| 180, 000 pound-inches + 3,455.5 pounds = $ 0°? 
3700 52.09 inches A 
o e50 2 
S 3600 | — z 
3 g 
7 7 O -1600 © 
The total weight is at a ‘= AN Q 
z = : 
3455.5 pounds after - e z 
computing fuel usage i 3400 cae: 
for the flight. = y 
% 3300 | l-1500 ff 
E lie 2 
< 3200 MAXIMUM - 1450 = 
Q FUEL BURN-OFF z 
E | a 
3 {+1400 4 
a ô 
a 
The moment of the airplane after fue! burn- -1350 
off is 180.94 pound-inches/1 000. To Loadings with.n the lightly shaded areas are 
convert the moment to an arm, perform the satisfactory for takeoff and landing, except 1300 
A ; m where takeoff weight is more than the 
following computation: maximum landing weight of 3900 pounds. In 
this case, flight time must be allowed for fuel | - 4959 
A burn-off to at least 3900 pounds before 
180,940 pound-inches + 3,455.5 pounds = ened: 
52.36 inches. In the darker shaded areas, representing | |-1200 
appropriate fuel system, takeoff is approved but 
computation of loading after estimated fuel burn- 
off must be made to verify that the CG will remain 1150 
within overall envelope for landing. 
2500 
/ /, 
1100 


70 80 90 100 110 120, 130 140 150 160 170 180\190 200 210 220 
LOADED AIRPLANE MOMENT/1000 (POUND - INCHES) 


w The total moment is at 180.94 pound-inches/1000 
after computing fuel usage for the flight. 
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X | JUST SAY NO 

After landing on a soft beach near a fishing camp, the pilot of the Cessna 207 was approached by eleven people that 
- needed to be flown into a nearby town to purchase supplies. The pilot, feeling the need to satisfy his employer, an 
air charter operator, permitted all eleven people to board his aircraft. Although the airplane was only certified to carry seven 
occupants, the pilot considered that since his fuel load was light, the maximum weight of the airplane would not be exceeded. 
However, he failed to consider the effects on the balance condition of the airplane, which resulted in his trying to takeoff with a 
CG that was substantially aft of limits. As a result of the aft CG and the soft soil condition, the airplane was unable to become 
airborne, which caused it to collide with a boat that was moored on 
the beach. You can see the results of the attempted takeoff in this a —" 
photo. Fortunately, none of the occupants was seriously injured, 
primarily because they were packed so tightly in the airplane. 


TET 


Had the pilot of this aircraft refused to carry the extra passengers, 
this accident probably would not have occurred. However, when 
feeling the pressure to perform his job, he allowed himself to 
compromise safety. 


When you are employed as a professional pilot, you will likely 
encounter situations where you will be asked to fly an airplane Courtesy. of Dr Alvin J.'Lagge 

when you know conditions are not safe or legal. Part of the responsibility of being a professional pilot is being able to respond 
sensibly yet emphatically to people when they try to pressure you into compromising situations. Although you may feel that you 
have the ability to stand your ground, there will be occasions when you will be faced with difficult decisions. When making these 
decisions, think of the possible consequences of your actions. If you compromise safety and are involved in an incident or 
accident, you will be held responsible and accountable. Remember, it is an agonizing ordeal to look back at your past decisions 
and wish that you had only said no. 


te . b 
j Ša — -” ©? © 


| The weight shift formula can be used to cal- 

culate the amount of weight that must be  - 

moved a specific distance or to determine 
the distance a specific weight would need to move to 

_ bring the CG within approved limits. 


J) 7 


S 


SUMMARY CHECKLIST 


V Both the amount and distribution of weight significantly affect aircraft stability, 
control, and efficiency 


/ An a may have a single maximum weight limit or multiple maximum weight 
limits for various stages of ground and flight operations 


¥ Maximum weight limits may be required for structural or performance considerations. 


/ An airplane loaded near the forward CG limit becomes more stable, but less 


controllable in flight, while an airplane loaded near the aft limit is less stable, and 
more sensitive O nt 3| npui 
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Y Weight and balance reports and equipment lists contain essential information fur 
weight and balance control and must be maintained current by the aircraft owner 
or operator. 


Y Weight and balance condition checks can be accomplished by the computation, 
graph, or table methods. 


V When the CG of an airplane is outside of allowable limits, you can use the weight 


shift formula to determine how much weight to move or the distance that a given 
weight must be moved to place the CG within allowable limits. 


KEY TERMS 


Maximum Weight Equipment List 

Maximum Ramp Weight Empty Weight Center of Gravity 
Maximum Takeoff Weight Basic Empty Weight 

Maximum Landing Weight Licensed Empty Weight 
Maximum Zero Fuel Weight Useful Load 

Center Of Gravity Arm 

Reference Datum Moment Index 

Moment i Payload 

Weight and Balance Report Basic Operating Weight 


QUESTIONS 


1. Which of the following weight limits represents the heaviest total weight value? 


A. Maximum ramp weight 
B. Maximum takeoff weight 
C. Maximum landing weight 


2. Which of the following terms may be used to describe the weight of an airplane 
without fuel or payload items? 


A. Useful load 
B. Basic operating weight 
C. Maximum zero fuel weight 


3. When the CG of an airplane is near the aft limit, which of the following flight 
characteristics is likely to be encountered? 


A. The stability of the airplane increases and the elevator control becomes less 


effective. 
B. The airplane becomes less stable and the elevator control becomes less effective. 


C. The elevator controls become more effective while stability decreases. 


4, True/False. Loading an airplane near the aft CG limit produces a higher true 
airspeed as compared to when loaded with the CG located near the forward limit. 
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5. The total weight of an airplane is 3,100 pounds and the total moment in 
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dex is 310 
pound-inches /1000. Where is the CG located in inches aft of the datum? 
A. +10 inches 


B. +100 inches 
C. +1,000 inches 


6. Using the accompanying loading graph, what would be the CG of the total 


combined weight of the following items? 
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MOMENT/1000 (POUND-INCHES) 


Pilot and passengers 350 pounds 
Center seat passengers 300 pounds 
Usable fuel 80 gallons 
Aft baggage 50 pounds 


A. Approximately +101.27 inches aft of the reference datum 
B. Approximately +156.38 inches aft of the reference datum 
C. Approximately +105.13 inches aft of the reference datum 


7. Use the item information from question number 6 and the CG range and weight 
graph shown here to determine if an airplane is loaded within the CG envelope. 
Assume the airplane has an empty weight of 3,200 pounds with an empty weight 
moment index of 2,842.6 pound-inches /100. 


A. The CG falls within the envelope and is safe for flight. 

B. The CG falls in the envelope, but exceeds the maximum zero fuel weight. 

C. The CG falls inside the envelope but the fuel burn-off in flight must be 
sufficient to reduce the total weight to below the maximum landing weight. 


CONTROLLING WEIGHT AND BALANCE SECTION C 


4750 — MAX. T.O. WEIGHT___ ~ 92 94 
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Moment change due to retracting Landing Gear = -32 in. - lbs. 


8. An airplane is loaded with 100 gallons of fuel at station +38 inches which causes 
the airplane to have a total weight of 3,500 pounds and a CG located at +42 inches. 
If the airplane burns 12.6 gallons per hour, where will the CG be located after 3 
hours and 20 minutes of flight? Assume the fuel weighs 6 pounds per gallon. 


A. +42.83 inches aft of datum 


B. +42.31 inches aft of datum 
C. +42.05 inches aft of datum 
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Private Pilot Maneuvers 
Volume I — Emergency Landing Procedures 


SECTION A 


EMERGENCY 
PROCEDURES 


Although modern aircraft are extremely reliable, the possibility of emergencies in flight 
due to mechanical failure, fuel problems, or pilot error has not been eliminated. 
Problems resulting from these factors are not common, but they are frequent enough that 
you should be aware of them and know how to handle them if they occur. The following 
discussion emphasizes VFR emergencies; you also may refer to Chapter 10, Section A — 
IFR Emergencies. 


Unfortunately, not all in-flight emergencies will allow you sufficient time to reference 
your pilot’s operating handbook or checklist. In fact, some emergencies may not be 
addressed in the POH at all. Therefore, when you fly, you need to be prepared for distress 
situations by knowing the emergency procedures for your airplane and by using good 
judgment in responding to the situation. To assist you, the FAA provides some general 
guidelines for dealing with various emergencies. While the specific procedures recom- 
mended by your airplane’s manufacturer should be adhered to, the general emergency 
procedures discussed in this section may be helpful to you in those situations where 
time is limited and you must act quickly. 


An FAA study has shown that power loss is a major contributing factor in general aviation 
accidents. Power loss accidents have a variety of causes. Examples include operating pow- 
erplants beyond normal limits, poor maintenance, failure of engine parts or system com- 
ponents, and above all, fuel starvation due to pilot error or other factors. Unexpected 
power loss coupled with inadequate pilot response can easily result in an accident. 


A well-prepared and competent pilot can usually deal with an emergency situation in a 
manner resulting in a safe outcome for the flight. The most important thing to remember 
in an emergency situation, whether you use the POH or the following general emergency 
procedures, is to fly the airplane. 


EMERGENCY DESCENT 


An emergency descent is used to achieve the fastest practical rate of vertical descent 
to reach a safe altitude or landing during an emergency situation. You may need to 
perform this maneuver due to an uncontrollable fire, a sudden loss of cabin pressur- 
ization, or any other situation demanding an immediate and rapid loss of altitude. 


Your objective is to descend as quickly as possible without exceeding the airspeed 
limitations of the airplane. 
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To initiate the descent, reduce the throttle to idle, then roll into a bank angle of approx- 
imately 30 to 45 degrees in order to establish and maintain a positive load factor on the 
airplane. Doing so will help you remain within the safe operating limits of the airplane, 
and also will allow you to stay over, and closely observe, a potential landing area. If your 
airplane is equipped with a controllable propeller, set the prop control to low pitch (high 
RPM). This action allows the propeller to act as an aerodynamic brake preventing exces- 
sive airspeed buildup during the descent. Then, if recommended by the manufacturer, 
lower the landing gear and fully extend the flaps as quickly as practical. The drag pro- 
duced by extending the landing gear and full flaps serves to increase the descent rate 
without increasing the airspeed. [Figure 13-1] 


1,000 FPM 


Figure 13-1. Extending the flaps and gear allows for a steeper descent angle resulting ina 
quicker loss of altitude than would be the case when flying at best glide airspeed. In addition, 
the airspeed will be higher than best glide airspeed, but remains within the airspeed limitations 
of the airplane. 


At no time should you allow the airplane’s airspeed to rise above the never exceed speed 
(Vne), the maximum gear extended speed (V;,), or the maximum flap extended speed 
(Vrp). If the descent is conducted in turbulent conditions, you also should comply with 
the recommended maneuvering speed (Va) limitations. These procedures should be con- 
tinued until a safe altitude has been reached or until you begin the emergency approach 
and landing if necessary. 
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EMERGENCY APPROAGH 
AND LANDING 


Your own fear of injury or of damage to the airplane may interfere with your ability to act 
decisively when you are faced with an emergency involving a forced landing. Records 
show, however, that survival rates favor those pilots who maintain their composure and 
know how to apply the recommended procedures and techniques that have been devel- 
oped throughout the years. 


EMERGENSY PARALYSIS 


şi 


The NTSB has identified several factors that diminish a pilot’s ability to deal with emergency landings. 


1. Pilots may be reluctant to accept the emergency situation, paralyzed with the thought that the aircraft will be on the ground ina 
short time regardless of what they do. As a result, they delay action, fail to maintain flying speed, or attempt desperate measures 
at the expense of aircraft control. 


2. There may be a desire on the part of the pilot to save the aircraft rather than sacrificing it to save the occupants. Such a desire 
may cause pilots to stretch a glide or make abrupt maneuvers at low altitude resulting in accidents. 


3. The fear of injury may cause pilots to panic, inhibiting their ability to properly carry out emergency procedures resulting in the 
situation they wanted to avoid most, {2838 P Pgs. he Bae a 


The key to dealing with these fears is to fly the airplane. Concentrate on maintaining 
your glide speed, adhering to the checklists, and managing resources, and this will help 
you keep your mind off what might happen and allow you to continue flying the air- 
plane. If you practice simulated emergency procedures enough, you will be more confi- 
dent in your ability to deal with an emergency approach and landing. 


When practicing emergency descents, make sure you clear the area below before you 
start. Begin recovery at an altitude high enough to ensure a safe return to level flight. In 
addition, emergency landings should be practiced only over favorable terrain in the 
event an actual emergency landing becomes necessary. Normally, in training, when all 
the prescribed procedures and airspeeds are established and stabilized, the maneuver 
should be terminated. In airplanes with piston engines, prolonged practice emergency 
descents should be avoided to prevent the excessive cooling of engine cylinders. Apply 
carburetor heat as recommended by the manufacturer. 


Many factors are important in successfully executing an emergency approach and land- 
ing, the first of which is the landing field. A competent pilot normally is on alert for a 
suitable forced landing site. Ideally, the best option is an established airport, or hard- 
packed, long, smooth field with no high obstacles on the approach end and situated so 
you can land directly into the wind. 


Since these ideal conditions rarely present themselves, you must select the next best 
field available. Cultivated fields are generally satisfactory since they will be fairly level. 
Plowed fields may be acceptable as long as you land parallel to the furrows. If the field 
appears to be soft or snow covered, you may even consider a gear up landing, if your air- 
plane has retractable gear. Otherwise, you should ensure that the nose wheel is not 
allowed to sink in and cause the airplane to nose over. 


Field size and wind direction are also important factors to consider in selecting an emer- 
gency landing site. Wind direction and speed will affect your airplane’s gliding distance 


over the ground, the track along the ground during the approach, the groundspeed at 
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which the airplane touches down, and the distance required for deceleration after the 
landing. These factors will be important in selecting your landing field. However, do not 
allow yourself to be locked into landing directly into the wind. For instance, limited 
options in an emergency may dictate making a downwind landing to clear obstacles or 
because the best field may be too far upwind to reach. Furthermore, the field you select 
should also be wide enough to allow you to extend the base leg before turning final in 
the event you have misjudged your airspeed or altitude. [Figure 13-2] 
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Figure 13-2. A wide field provides the opportunity to adjust your approach without making 
extreme maneuvers at low altitude. 


In most cases, the altitude you have is the primary controlling factor in the successful 
accomplishment of a forced landing. The lower you are when a power loss occurs, the 
fewer your options. Should an engine failure happen prior to reaching a safe maneuver- 
ing altitude, your choice of actions will be limited to flying straight ahead or making 
shallow turns to avoid objects in your immediate path. 


When a forced landing appears imminent, regardless of your altitude, the main priority 
is to complete a safe landing in the best field available. This involves getting the airplane 
on the ground in as near a normal landing attitude as possible without striking obstruc- 
tions. Large, abrupt turns near the ground in an attempt to avoid a poor landing area 
makes attitude control difficult. If you can fly the airplane all the way to the ground and 
make a relatively normal landing, you increase the chances of completing the procedure 
without catastrophic consequences to you and your passengers. 


Performing a safe approach and landing begins with airspeed control. For each particu- 
lar airplane, the manufacturer recommends an airspeed and configuration that will pro- 
vide the maximum glide d e. The best glide ; ed, found in the pilot’s operating 


handbook, will determine the distance you can glide and consequently the number of 
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“The success of an emergency landing under adverse conditions is as much a matter of the mind as it is of skill! 
Mick Wilson, former Manager, FAA Aviation Safety Program, Denver Flight Standards District Office 


Mick Wilson developed a Safety Seminar and text entitled How to Crash an Airplane (and Survive). His presentation includes 
numerous insights into basic crash safety concepts including the following observations concerning post-impact deceleration of 


groundspeed. 


The overall severity of a deceleration process is governed by groundspeed and the stopping distance of the aircraft. For instance, 
doubling the groundspeed means quadrupling the total destructive energy at impact. This is why it is so important to reduce your 
landing speed to the lowest possibie while still maintaining aircraft control. 


Very little stopping distance is required if the speed can be dissipated evenly over the available distance. Assume an aircraft is 
exposed to deceleration forces equaling 9 times the force of gravity, the standard to which general aviation aircraft are certified. 
The stopping distance required while trav- 
eling at 50 mph is 9.4 feet. At 100 mph, 
the stopping distance is 37.6 feet, or four 
times the stopping distance required when 
traveling at 50 mph. While these are not 
distances you would prefer for a normal 
landing, it is nice to know just how little 
space is needed to successfully decel- 
erate an airplane during an emergency 
landing. 


Understanding the need for a firm but uni- 
form deceleration process in very poor 
terrain provides you more landing options. 
As a result, you can select touchdown 
conditions that, while not ideal, can reduce 
the peak deceleration of the airplane and 
increase your chances of walking away 
from the landing. Courtesy of Mick Wilson, 
www.crashandsurvive.com 


landing areas available to you. In some airplanes, the best glide speed may change as 
gross weight changes. Of course, any deviation from best glide speed may negatively 
affect your ability to reach a suitable landing site. [Fig. 13-3] 
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Figure 13-3. Any deviation from best glide speed will reduce the distance you can glide and may 
cause you to land short of a safe touchdown point. 
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SECTION A 


To achieve best glide speed, the landing gear and flaps should be retracted immediately to 
eliminate unwanted drag. However, during a power loss immediately after takeoff you may 
want to keep the gear and flaps extended in preparation for touchdown. If your aircraft is 
equipped with a controllable propeller, set the prop control to a high pitch, low RPM set- 
ting as well. Unlike emergency descent procedures in which your focus is on a quick and 
controlled loss of altitude, your objective during an emergency approach is to remain air- 
borne long enough to set up a safe landing. As a result, it is necessary to eliminate as much 


120 DEGREES OF THOUPLE 
From the files of the NTSB... 


Aircraft: Piper PA-18 
Injuries: 1 Minor 


Narrative: The airplane departed a restricted landing area runway for a local flight. Shortly after departing, the airplane’s engine 
stopped running at 300 feet above the ground. The pilot performed a 180 degree turn toward the departure runway. During the 
turn, the airplane stalled and subsequently collided with the ground. The airplane was destroyed by a post impact fire. 


The desire to turn back to an airport if the engine fails shortly after takeoff can be quite powerful. Unfortunately, giving in to the 
desire can have disastrous consequences considering the glide performance of airplanes during turns. That is why it is usually 
best to continue straight ahead, utilizing small heading changes, to keep the airplane under control in order to complete an emer- 
gency landing as safely as possible. 


To emphasize the danger in these situations, assume you have just taken off from your local airport and climbed to 300 feet AGL 
when the engine fails. After a four-second reaction time, you decide to turn back to the runway. If you turn at a standard rate, it 
will take a minute to turn 180°. At a glide speed of 65 knots, the radius of the turn is 2,100 feet, so at the completion of the turn, 
you are now 4,200 feet to one side of the runway. You must turn another 45° to head the airplane toward the runway. By now, 
your total change of direction equals 225° equating to 75 seconds plus the four-second reaction time. If the average light airplane 
in a no-power gliding turn descends at approximately 1,000 feet per minute, you will have descended 1,316 feet —1,016 feet 
below the runway! 
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drag as possible by cleaning up the airplane. Next, adjust your airplane’s pitch attitude to 
obtain best glide, and trim to maintain that pitch attitude while you follow the emergency 
checklist procedures. Remember, any deviation from best glide speed, as a result of poor 
pitch attitude control, will reduce your gliding distance and landing options. [Figure 13-4] 
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Once the proper pitch attitude and airspeed have been established, complete the appro- 

priate emergency checklist found in the POH for that particular airplane. However, 

during an engine failure, a generic cockpit checklist may be suitable, particularly in sit- 

uations occurring at low altitude which do not provide time to reference the POH check- 

list. [Figure 13-5] 

Figure 13-5. 
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For a successful landing to happen, it is important to set it up properly. The FAA rec- 
ommends using any combination of normal gliding maneuvers from wings level to spi- 
rals to arrive at a point from which a normal landing may be made. This point, or key 
position, may be abeam your intended touchdown zone or at the turn from base to final 
depending on whether you are making a 180 degree or 90 degree approach. Once at the 
key position, follow the recommended flap and gear extension procedures in the POH 
and add full flaps only when you know you can reach the touchdown point. From here, 
any miscalculations about the glide angle can be corrected with the use of flaps, slipping, 
or moving the touchdown spot if feasible. [Figure 13-6] 


Figure 13-6. Key positions on downwind or base allow you to judge your gliding distance in the 
same manner you would during a normal traffic pattern. 


SYSTEMS AND EQUIPMENT 
MALFUNCTIONS 


There are some emergency conditions that do not appear in checklists or in your air- 
plane’s POH. Although these situations are not specifically addressed, the FAA provides 
some general recommendations for dealing with them. The procedures are not intended 
to be used in lieu of the particular recommendations that may be provided by a manu- 
facturer, but rather in their absence. 


IN-FLIGHT FIRE 

If you experience a fire while in flight, follow the checklist procedures specified in the 
POH for your airplane and declare an emergency by radio. The checklist may address 
only one type of in-flight fire or it might include procedures for different types of fires 
ranging from cabin and electrical fires to engine fires. In any event, follow the appropri- 
ate procedure for the situation. In addition, a general recommendation may be of benefit 
to you during such an emergency. Should the fire and flames be visible outside the cabin 
during the emergency descent, attempt to slip away from the fire as much as possible. 
For example, if the fire is observed on the left side of the airplane, slip to the right. This 


may move the fire away from the cabin. 
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PARTIAL POWER LOSS 
It is possible that during a flight you may experience a partial loss of engine power. Two 
options might be available to you, depending on the degree of power loss and the air- 
plane’s resulting decrease in performance. You may be able to continue the flight in a 
reduced power condition as long as you are able to hold altitude or climb. In this situa- 
tion, maintain an airspeed that will provide the best airplane performance available. In 
most cases, the best performance airspeed will be approximately the best glide speed. 
However, it is also possible the engine will not continue to run in this condition and a 
forced landing will still need to be made. With an engine problem, you should continu- 
ally monitor your engine instruments and update your choice of landing options. 


Alternatively, your airplane’s performance with partial power may not be sufficient to 
maintain altitude. In this case, a forced landing is imminent. Consequently, you will 
need to declare an emergency with ATC and begin the emergency approach and landing 
procedures specified in your airplane’s checklist. 


DOOR OPENING IN FLIGHT 


A cabin or baggage compartment door opening in flight can be a disconcerting event. 
Although a door generally will not open very far, the sudden noise can be startling. 
Regardless of the noise and confusion, it is important to maintain control of the airplane, 
particularly during departure. Accidents have occurred on takeoff because pilots have 
stopped flying the airplane to concentrate on closing cabin or baggage doors. 


SI ANOPE THE DOOR, 
From the files of the NTSB... 


Aircraft: Piper PA-32-300 
Injuries: 1 Fatal, 2 Serious, 2 Minor 


The forward baggage compartment door came open and began flapping during takeoff roll/initial takeoff climb. The pilot contin- 
ued his takeoff and radioed that his baggage compartment door had popped open and he was returning to land. The airplane 

` was observed flying in a steep climb attitude, at very slow airspeed, with a pronounced left crab or slip. It was in a left turn at an 
altitude of approximately 75 to 100 feet. The passenger in the right front seat reported hearing the stall warning horn intermit- 
tently prior tothe airplane’s impact with two utility poles. 


A baggage or cabin door opening in flight can be extremely distracting. The natural reaction by most pilots is to immediately 
attempt to close the door or ask a passenger to help close it. The airstream creates a partial vacuum which makes it almost 

` impossible to close the door. The next decision by the pilot is to slow the airplane to increase the chance of getting the door 
latched. This probably led to the accident described above. The best procedure is to return for landing using a normal approach 
speed and latch the door on the taxiway. 


While an open door does not normally compromise airplane control, it is possible that 
control will become more difficult. If such a condition should occur it may be necessary 
to increase airspeed in all phases of flight, including the approach, in order to ensure 
that you can control the airplane. Once you have adequate airplane control, land as soon 
as practical and secure the door. 


ASYMMETRICAL FLAP EXTENSION 

An unexpected rolling motion during flap extension may be due to an asymmetrical or 
split flap condition. If one flap extends while the other remains in place, a differential in 
lift across the wing is the cause of the rolling motion. A split flap condition can be haz- 
ardous, particularly in the traffic pattern or during a turn at low altitude. [Figure 13-7] 
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Figure 13-7. Extending the flaps during a turn can result in a dangerous situation should an 
asymmetrical flap extension occur. 


If the unexpected rolling motion occurs during flap extension, immediately return the flap 
control to the up, or the previous position, while maintaining control of the airplane. 
Should you be in the approach phase of the traffic pattern when an asymmetrical exten- 
sion occurs, execute a go-around and adjust your airspeed for approach and landing. 


EMERGENCY EQUIPMENT 
AND SURVIVAL GEAR 


You may carry a survival kit for years and not need it. But when you do need it, you need 
it badly and the biggest survival kit is none to big. — Private Pilot’s Survival Manual by 
Frank Kingston Smith 


Regulations only require you to carry flotation gear and a signaling device during certain 
overwater commercial operations. However, it is highly recommended that you include 
several other basic survival items in the event of an emergency. A survival kit should be 
able to provide you with sustenance, shelter, medical care and a means to summon help 
without a great deal of effort or improvisation on your part. That is why a minimally 
equipped survival kit should be avoided. You can tailor the contents of your survival kit 
to the conditions of the flight. Any complete survival kit should contain a basic core of 
survival supplies around which you can assemble the additional items that are appro- 
priate to the terrain and weather you would have to deal with in an emergency. 


When making decisions about the emergency gear to take with you, consider the terrain 
you will be flying over, the climate or season during which the flight will be made, and 
what type of emergency communication equipment you may need. For instance, an 
emergency landing in mountainous terrain in December would require different survival 
gear than would a ditching in the ocean in August. Some general items you may consider 
as the basis on which to build a survival kit for all flight operations include: a compre- 
hensive first aid kit and field medical guide, flashlight, supply of water, knife, matches, 
shelter, and a signaling device. 
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Survive to Fly 


A wide variety of survival kits are available commercially. They may range in price up to several hundred dollars for 
larger kits designed to support 4 or 5 people. However, you can put together your own survival kit tailored to meet 
your specific flying needs. 


Keeping in mind weight considerations, you may begin with the basics. Your kit should include items covering the important sur- 
vival factors like water, shelter and protection, food, first aid, signals, and personal or miscellaneous supplies. 


This commercially available survival kit is designed to sustain 4 to 6 people in an emergency. You may opt to purchase a kit like 
this, or you may elect to build your own kit. 


There are many sources of information that have been published to help you determine what items are appropriate for your kit. In 
addition, survival courses may be available locally, particularly in mountainous parts of the western United States. 


SUMMARY GHECKLIST 


Y You need to be prepared for emergency situations by knowing the procedures for 
your airplane. 


vy An emergency descent is used to achieve the fastest practical rate of vertical 
descent to reach a safe altitude or landing. 


Y NTSB records indicate accident survival rates favor pilots who maintain their com- 
posure and know how to apply the recommended procedures and techniques. 


¥ Limited options during an emergency may dictate making a downwind landing. 


Y When you experience a power loss, altitude is usually the primary controlling fac- 
tor in the successful accomplishment of a forced landing. 


v The FAA recommends using any combination of normal gliding maneuvers from 


wings level to spirals to arrive at a point from which a normal landing may be 
made. 


Y Should fire be visible outside the cabin during an in-flight fire, attempt to slip away 
from the fire. 


yY During a complete power loss the most important thing to do is maintain control of 
the airplane regardless of the altitude available to you. 


¥ Some general items you may consider for a survival kit include, a first aid kit, flash- 
light, container of water, knife, matches, and a signaling device. 
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KEY TERMS 


Emergency Descent Key Position 
Maximum Glide Distance Best Performance Airspeed 
Best Glide Airspeed Survival Kit 


QUESTIONS 


1. During an emergency descent, what airspeed limitations should you observe? 


2. True/False. Practicing simulated emergency procedures helps build confidence in 
handling real emergencies. 


3. Why should the emergency landing field you select be wide instead of narrow? 


4. In most cases, what is the primary controlling factor in the successful accomplish- 
ment of a forced landing? 


A. Airspeed 
B. Altitude 
C. Wind 


5. True/False. Airspeeds below best glide increase the number of landing options 
available to you. 


6. Which of the following conditions would allow you to extend the glide range in an 
airplane with a controllable pitch propeller? 


A. High pitch, high RPM 
B. High pitch, low RPM 
C. Low pitch, low RPM 


7. True/False. An open baggage door normally compromises airplane control. 


8. An unexpected split flap extension will be most dangerous during which phase of 


flight? 
A. Climb 
B. Cruise 


C. Turns at low altitude 


9. True/False. It is prudent to consider the type of terrain you will be flying over when 
selecting items for your emergency survival kit. 


10, True/False. FAA regulations require flotation gear and a signalling device to be 
carried on board during all overwater operations. 
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SECTION B 


COMMERCIAL 
DECISION MAKING 


No matter what your reasons are for pursuing a commercial pilot certificate, the 
additional knowledge you acquire during commercial training will make you a more 
competent pilot. The advanced skills and experience that you gain will hone your deci- 
sion-making abilities and enhance your flight safety. 


Chapter 1, Section B — Advanced Human Factors Concepts introduced you to the 
elements involved in aeronautical decision making. This section will explore decision 
making from the perspective of a pilot flying for a commercial operation; however, the 
decision-making skills involved are essential for all pilots. Since commercial operations 
are often conducted under IFR, if you have already received your instrument rating and 
you are obtaining your commercial certificate separately, you will need to review 
Chapter 10, Section B — IFR Decision Making. 


COMMERCIAL OPERATIONS 


As acommercial pilot, decision making can be complex as you balance public perceptions 
of aviation, your company’s schedule, and your desire to conduct safe flight operations. 
Previously, your motivation to fly safely was based on your own personal expectations. 
Now, you have passengers and company personnel to consider when you make choices 
regarding each flight. You also may rely upon flying for your income, and this could 
impinge upon your ability to make sound decisions if you are not conscientious. 


Your priority as pilot in command is to stay focused on the continuous safety of the 
flight. You may need to make the sometimes difficult and unpopular choice to cancel a 
flight or divert to an alternate. You assume this responsibility when you contract to work 
for a commercial operator, so you should fully research such concerns before you accept 
a position with a particular company. A conscientious employer will factor in these 
issues as a part of doing business. You should never make an inflight decision based on 
whether it will affect your career. [Figure 13-8] 


In addition to the demands of your employer, you may encounter changing personal 
expectations. By obtaining your commercial certificate, you have developed a higher 
level of skill, but along with this skill may come the temptation to take more risks. 
Although it is true you possess a greater level of expertise than you did earlier in your 
training, the increased knowledge and practiced judgment that you have gained through- 
out your flying career should keep you from having to exercise extraordinary flying 
skills. To make effective decisions, you must stay honest with yourself about your 
capabilities and limitations, and those of your aircraft. 
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Figure 13-8. When 
you work as a pilot 
for a small company, 
you have a lot of 
direct contact with 
your customers. You 
may serve as bag- 
gage handler, fuel 
technician and flight 
attendant, as well as 
pilot in command. 


D The Airmail Pilot’s Oath of Office 


Some of the first commercial pilots were those who flew the mail, and they were entrusted with a very serious mission 
— to get the mail through regardless of the weather. Below is the oath that airmail pilots swore to uphold when 
assuming the job. Would you commit to the same contract? 


“I hereby make application for position of pilot in the Air Mail Service and hereby agree, if appointed, to fly whenever called upon 
and in whatever Air Mail plane that | may be directed by the superintendent of the division to which | am assigned, or his represen- 
tative on the field, and in the event of my refusal to fly, such refusal shall constitute my resignation from the service, which you are 
hereby authorized to accept. If appointed, | pledge myself to serve the Air Mail Service of the Post Office Department for a period 
of one year, and to carry out its orders implicitly, unless separated for cause or in accordance with the foregoing agreement...” 


Oy Courtesy of 
or Philip Martin 
n Pilot Wings of the 
United States, 1913-1995 


APPLYING THE DECISION-MAKING 
PROCESS 


By now, you bave applied the decision-making process many times as pilot in command. 


With experience, you become more adept at making effective choices and reducing the 
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risks associated with each flight. Each step in the 
decision-making process is critical to making 
sound inflight judgments. [Figure 13-9] 


Risk management, as a part of the ADM 
process, relies upon situational awareness, 
problem recognition, and good judgment to 
reduce the risks associated with each flight. i 


w Recognize a change. 


: The forecast was for VFR conditions along your route 
| of flight; however, as you near a point of interest, you 
Į notice a cloud layer obscuring terrain. 


Q Define the problem. 


You must remain VFR according to your company’s 
operations specifications, ensure flight safety, and 
please your passengers to the extent possible. You 
- : 7 contact Flight Watch and are informed that the 

‘Type of Operation | signe | ViSibility is restricted in the area you normally 
class of | En Route | Day/Night [attendant or| Overfly. An updated weather briefing indicates that 


Operation |Flight Rule] Conditions}; Cargo Only 
ate ~ - i 


Type of Aircraft 


Jthe marginal weather is isolated and widespread 
VFR conditions are still forecast to prevail. 


BE-90-E90 
BE-200-200 


| IFR/VFR | DAY/NIGHT 
| IFR/VFR | DAY/NIGHT 


| 
| Make/Model/Series 


Instead of discontinuing the flight and returning to the airport, 
j you decide to divert to another scenic area with VFR conditions. 


Figure 13-9. You may have 
many more factors to consider 
as you make decisions in the 
commercial environment. For 
example, as a pilot flying for a 
scenic charter operation, you 
must maintain flight safety, as 
well as balance the demands of 
your employer and passengers. 


Implement your decision. 


You request current weather for another area nearby that 
you know has a stunning waterfall as a point of interest. 
After determining that VFR conditions prevail at your new 
destination, you plot a course and amend your flight plan. 
You inform your passengers of the alternate routing and 
continue the flight. 


Ensure that your decision is producing the desired result. 


You pay close attention to the weather conditions and PIREPs 
in the area. Since one of your passengers is unhappy about 
the change in plans, you agree to fly over the original sight if 
the weather clears soon. If the conditions do not improve, you 
may be able to offer a refund or discounted flight. 
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The acronym DECIDE is used by the FAA | 
to describe the basic steps in the decision- 


making process. 

Detect the fact that a ch 5 

A a e Aeronautical decision making is a system- 
Estimate the need to counter or react to the change. RI -atic approach tothe Ee 
Ghose si Ceaiabls outcome for the success of the flight. - by pilots to consistently determine the best 
footy fateh yen could suesessfully control the change. course of action for a given set of circumstances. 
Do the necessary action to adapt to the change. 4 ie : al ii 
Evaluate the effect of the action. 


The ability to gather and interpret information becomes essential during aeronautical 
decision making. This is illustrated by research which separated crews flying simulators 
into higher and lower performing groups for comparison. During emergency situations, 
the higher performing crews engaged in more information gathering, monitoring, and 
planning. These crews requested significantly more data, such as weather conditions, 
from ATC. In addition, to allow more time for making decisions and accomplishing 
necessary tasks, higher performance crews requested ATC assistance in the form of radar 
vectors and clearances for holding or long final approaches. 


CREW RESOURCE MANAGEMENT 


Crew resource management (CRM) training is in part responsible for the marked increase 
in the safety of Part 121 operations. New regulatory requirements outline similar programs 
for certain Part 135 operators, as the FAA has recognized the success of CRM training. The 
investment in CRM training is no longer viewed as a luxury, but as an important part of all 
pilot training. If your company does not provide CRM training or you would like to prepare 
in anticipation of working in a crew environment, 
you should consider attending a CRM workshop 
conducted at a local college or flight school. If this is 
not possible, you may practice inflight scenarios 
with other pilots. If you have access to a simulator, 
flight training device, or PCATD, practice executing 
instrument approaches and emergency procedures 
in teams. [Figure 13-10] 


Figure 13-10. Even if your CRM training is informal, any 
role-playing that you can do on the ground can aid cock- 
pit coordination in flight. 


Examining flight crew scenarios contained in ASRS 

accounts, NTSB reports and other safety-related publications can help increase your aware- 
ness of how crews handle situations effectively using CRM, and how the lack of CRM skills 
can lead to hazardous and sometimes deadly consequences. For example, pilot accounts 
and safety research presented in ASRS Directline are published to meet the needs of opera- 
tors and flight crews of complex aircraft, such as commercial carriers and corporate fleets. 
ASRS Directline is distributed to operational managers, safety officers, training organiza- 
tions, and publications departments. You can access Directline articles through the ASRS 
web page at http://www-afo.arc.nasa.gov/ASRS/ASRS.html. ` 


By analyzing situations that other pilots have experienced, you can determine how the 
elements of pilot-in-command responsibility, communication, resource use, workload 
management, and situational awareness influence flight operations. After each of these 
topics is discussed in this section, you will be presented with scenarios which illus- 
trate the effect of human factors principles on aeronautical decision making in the 
commercial environment. 
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PILOT-IN-GOMMAND 
RESPONSIBILITY 


You may feel a great deal of pride when you obtain your first job as a commercial pilot, 
but with the job comes the responsibility to fly as a professional. As pilot in command of 
an airplane in a commercial operation, you remain the final authority as to the safe con- 
duct of each flight. However, you will share some of the decisions with management and 
crew as to where, how, and when each flight will take place. You may be required to refer 
to an flight operations manual, which outlines company procedures regarding such 
elements as crewmember duties and responsibilities, enroute flight, navigation and 
communication, weight limitations, emergencies, operating in hazardous weather, and 
obtaining aircraft maintenance, as well as many other company operations. The flight 
operations manual also includes the operations specifications, or ops specs, which are 
the conditions under which your company must operate in order to retain approval from 
the FAA. Ops specs include information such as the authorized areas of operations, 
aircraft, crew complements, types of operations (IFR, VFR, day, night, etc.), and any 
other pertinent information. 


When you are employed as a pilot, you may feel that making decisions is easier since 
many choices are made for you. However, you still bear the primary responsibility for the 
safety of the flight. If you have a disagreement with management or passengers regarding 
a decision you make as PIC, be sure to complete the flight in a safe manner first. If the 
disagreement occurs before you take off, you may decide not to initiate the flight. You 
should never allow yourself to be pressured to take off if you have reservations about the 
flight’s success. Discuss the reasons for your decision in a professional way, on the 
ground. State your position clearly, and provide evidence, such as weather reports, ATC 

recordings, or maintenance records. Telling 

yourself that a “real pilot” would make the 


T Identifying hazardous attitudes through an flight, no matter what the situation, is an 
_ inventory is an early part of the ADM example of the macho hazardous attitude. 
process. There are five hazardous attitudes Refer to Chapter 1, Section B — Advanced 


and corresponding antidotes. , i i 


Human Factors Concepts and Chapter 10, 
Section B — IFR Decision Making for more 
information on hazardous attitudes. 


CREW RELATIONSHIPS 


If you pursue a career as a pilot, you most likely will transition from acting as sole 
authority in the cockpit to operating as part of a crew. While some airplanes require a 
second officer, or flight engineer, to operate and monitor the airplane’s systems, your 
first experience in the crew environment normally is as the first officer, or second in 
command. Although the captain has the final authority as pilot in command, your expe- 
rience and skill are a vital part of the cockpit resources. In certain situations, you may 
have information that the captain does not possess which is essential to the safety of the 
flight. You should voice your opinions in a respectful yet confident manner, and express 
your concern regarding any practices you deem unsafe. Depending on the procedures 
specified by your employer, you should expect to fly the airplane roughly 50% of the 
time that you are in the cockpit, so you can maintain proficiency and gain the experience 
necessary to eventually act as PIC. 


When you make the transition to the left seat, you should provide leadership and exercise 
authority in a manner which encourages and supports an open exchange of opinions. 
Since it is your responsibility to provide direction for the other crewmembers, you must 
be assertive in your actions. However, you must be careful to avoid a domineering 
attitude. By allocating duties, as well as soliciting and accepting feedback from crewmem- 


bers, you will facilitate a professional and effective working environment. [Figure 13-11] 
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R EPORT 


On December 28, 1978, a DC8-61, Flight 173 departed Denver with 46,700 pounds of fuel on board. The flight plan 
indicated that 31,900 pounds would be required for the flight to Portland, including both FAR required fuel and 
company contingency fuel. On approach to Portland as the gear was lowered, the captain heard and felt an unusual 
sound and thought the gear went down more rapidly than normal. Neither the normal red transit light nor the gear 
door light illuminated. Flight attendants and passengers also reported a loud noise and severe jolt when the gear 
was lowered. 


The crew advised Portland Approach that they had a gear problem. Approach advised that they could, “just orbit 
you out there.” The second officer reported that visual indicators on the wings confirmed that the main landing gear 
was down and locked. The captain discussed the problem with the first flight attendant, but not with United 
Maintenance Center in San Francisco until considerable time had elapsed. Eventually, he reported to Dispatch and 
Maintenance that they had 7,000 pounds of fuel on board and that he intended to hold for another 15 or 20 minutes. 


There was some discussion about the fuel status when the captain asked the second officer to “give us a current 
card on weight, figure about another fifteen minutes.” The first officer responded “Fifteen minutes?’ The captain 
answered, “yeah, give us three or four thousand pounds on top of zero fuel weight.” The engineer responded, “Not 
enough. Fifteen minutes is really gonna run us low on fuel here.” Later, the engineer stated, “We got about three on 
the fuel and that’s it.” The captain responded “Okay. On touchdown... . get those boost pumps on...” four minutes 
later, when the first officer stated “We're going to lose an engine... .” the captain asked “Why? the first officer 
responded “were losing an engine.” Again the captain asked “Why?” The first officer responded “Fuel” Eight 
minutes later the airplane crashed into a wooded residential section of suburban Portland about 6 miles from the 
airport. There was no fire. 


| —— = —__— 


The NTSB determined that the probable cause of this accident was the captain’s failure to properly monitor the 
aircrafts fuel state and to properly respond to both the low fuel state and crewmember advisories. This resulted in 
fuel exhaustion to all engines. The captain’s inattention resulted from preoccupation with an unsafe landing gear 
indication and preparation for a possible emergency landing. Contributing to this accident was the failure of the 
other two crewmembers to successfully communicate to the capiain their concern regarding the low fuel state. 


Figure 13-11. As you review this accident account, think about how the crew relates to one another. What could 
the captain and other crewmembers have done to establish a more positive cockpit environment and prevent this 


accident from occurring? 


COMMUNICATION 


Effective cockpit communication is the cornerstone of safe commercial crew operations. 
When you fly as a single pilot, you are in charge of all duties during the flight, and your 
only communication generally is with ATC. In two-pilot crew operations, each person is 
responsible for completing specific tasks, and you both need to be informed of the other’s 
actions. You also need to be able to discuss upcoming procedures and any problems that 


may arise. 


One way to facilitate effective communication is through departure and approach 
briefings. Before takeoff, you should go over the proposed departure routing, either 
given by ATC or through published procedures. Determine who will be the pilot flying 
(PF) and who will be the pilot not flying (PNF). The PF generally is in charge of manip- 
ulating the controls, while the PNF is responsible for communication with ATC and 
navigation. During the departure briefing you should note any obstructions or terrain 
which may be a factor on climbout. Depending on the situation, an approach briefing 
might include a discussion of terrain features, minimum altitudes to be used and an 
approach chart review if an IAP is necessary. 


User y eS) 


CHAPTER 13 COMMERCIAL FLIGHT CONSIDERATIONS 


Business As Usual 


While much attention during pilot training is focused on dealing with emergency situations, most of your actual time in 
the cockpit is spent completing routine tasks. Crew coordination during these times is just as important as it is during 
an emergency, as the failure to ensure that all important items have been accomplished could lead to a serious problem in flight. In 
light of this concern, commercial air carriers include line-oriented flight training (LOFT) within their ongoing training curricula. 


LOFT was first developed in the late 1970s after a serious airline accident focused attention on CRM issues. The program is orga- 
nized to evaluate how crews work together during legs of a typical trip. For example, imagine you are a first officer transitioning 
from domestic to international routes. You would join a small class with a captain and (if applicable) a second officer, and review 
the dispatch for an actual flight segment — in this case, from San Francisco to Tokyo. [Figure A] After a detailed briefing, you 
would rehearse the flight in the simulator, practicing all variations of normal enroute procedures. Other considerations that are 
addressed include operating at foreign airports, local customs, and even how to get to your hotel from the airport. 


Ma mocene 
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Most flight crews use the challenge-response method when going through checklists. 
This procedure requires one pilot to read the checklist item out loud, while the other 
crewmember completes the task and repeats the instruction verbally. Since both 


crewmembers are directly involved in the checklist process, the chance that a mistake or 
omission will occur is reduced. [Figure 13-12] 


BARRIERS TO EFFECTIVE 
COMMUNICATION 


You can avoid a breakdown in communication with crewmembers by recognizing some of the 


barriers to effective communication that exist in the commercial environment. These problems 
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Figure 13-12. The challenge-response method 
enhances communication as both crewmembers are 
involved in completing important checklist items. 


ia 
> ".. . Set for approach." 


err 


include failing to establish open communication with crewmembers, misunderstanding and 
conflict in the cockpit, and the distraction caused by nonessential conversation. 


Of these barriers, failing to establish communication may be the easiest to correct. By 
simply knowing that you need to keep an open dialogue in the cockpit, you can reasonably 
ensure that one will exist. Both pilots should be included in critical decisions when 
possible, not just in emergencies, but in routine practices such as programming 
electronic equipment and setting autopilot functions. Anytime you change a course, or 
enter a new frequency or identifier into onboard equipment, you should verify the 
process out loud with the other crew. Both crewmembers should feel comfortable to 
question, scrutinize, or investigate any discrepancies which may arise during the flight 
and should feel an obligation to express reservations about a current or planned course 
of action. It is the pilot in command’s responsibility to seek out viewpoints from the 
second in cominand and to listen to alternative courses of action. 


You may have the opportunity to fly with wide variety of pilots who have had different 
training experiences than yours. To avoid misunderstandings, listen carefully to your 
fellow crewmembers, and clarify any procedures or instructions that you do not under- 
stand. Although you may try to maintain a positive environment, at times, conflict is 
inevitable. Crewmembers enter the cockpit with their own expectations and biases. 
Whether actual or perceived, differences in thoughts, opinions, values, or actions can 
lead to disagreements. Conflict can reveal unexpressed thoughts or feelings which may 
have been adversely affecting performance, and successful conflict resolution can 
strengthen team effectiveness. However, if steps are not taken to resolve conflict, the 
atmosphere in the cockpit can degrade to a point where effective communication is 
impossible and the safety of flight is at risk. 


Another barrier to effective communication occurs when a flight crew’s attention is 
diverted by conversation unrelated to the tasks at hand. A significant number of 
accidents have occurred when the crews were engaged in unnecessary dialogue and 
overlooked important procedures or checklist items, such as setting the flaps properly 
for takeoff or extending the landing gear. To help prevent these types of accidents, the 
FAA issued FAR 121.542 and FAR 135.100. Commonly referred to as the sterile cockpit 
rule, these FARs specifically prohibit crewmember performance of nonessential duties 
or activities while the aircraft is involved in taxi, takeoff, landing, and all other flight 


operations conducted below 10,000 feet MSL, except cruise flight. [Figure 13-13] 
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Figure 13-13. These ASRS reports illustrate how barriers to effective communication take many 
different forms. As you review these accounts, think about what actions you can take to prevent 


these types of situations during your flights. 


1 


| Communication | 
IR EPORT 


The following experience was related by a pilot who admitted to not reviewing the applicable charts prior to a night 
flight under IFR. — “The dim shape of the mountain came into view . . . seconds before the ‘WHOOP... . WHOOP . 
.. PULL UP’ sounded. We both pulled back abruptly on the controls and climbed...” 


The controller provided additional insight regarding this flight. — “The tapes revealed that | had told the pilot to 
descend to 7,000 feet (6,500 is the MEA) but he had read back 5,000. He got down to 5,700 feet, about 2 miles 


from a 5,687 foot mountain before | saw him.” 


| A navysis 


The failure of the pilots to brief on the published minimum altitudes near and within the terminal area made them 
vulnerable to readback/hearback errors and to a CFIT accident. : 


R EPORT 


“The copilot . . . turned the radios over to me so he could do a passenger announcement. | acknowledged a 
frequency change. | then checked in to the new frequency, using the call sign of my previous flight. The controller, 
who | think was expecting me, gave me a clearance for the correct call sign. | acknowledged, apologized for the 
mistake, and continued without incident. In retrospect, | feel | was too quick to accept the clearance. | could have 
easily taken someone else's clearance... You lose your system of double-check when one pilot is off the air 
getting ATIS, doing a passenger announcement, or talking with the company.” 


i 
[ A natysis a —_ A 


The pilot should have verified his call sign and clearance with the controller. Although the crew environment can 
provide a valuable double-check of radio transmissions, there are times when the attention of the other pilot is 
diverted with another task. You must avoid becoming complacent and be careful not to rely on another crewmember 


or ATC to recognize errors. 


| IR EPORT 


In this situation, the crew believed that they landed without contacting the tower and receiving landing clearance. — 
‘Although VMC on the approach, the new special weather was . . . [indefinite ceiling, 200 obscured, visibility 1-1/4 

mile in ground fog], snow falling and some snow on the runway . . . | was flying and captain viewing PIT stadium 

and various sights out the window, chatting incessantly . .. Captain then reviewed procedures for short ground 

roll on snow-covered runways and returned to miscellaneous conversation . . . the potential for disaster scenarios 
should be apparent. . .The bottom line: lack of professionalism, Captain habitually rambled from push back to f i 
block-in through a four day trip. This was the first of two incidents on the same day . . . Below the line: lack of | 
courage. F/O and F/E were not willing to ask the captain to please shut up so we could fly the airplane." 


l A natysis 


This situation provides an excellent example of the problems that can arise when a sterile cockpit environment is not 
maintained. Due to the distraction of the captain’s talking, the crew did not obtain a necessary clearance from ATC 
and crew communication suffered as the first officer and flight engineer did not voice their concerns to the captain. 
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RESOURCE USE 
The amount of resources available to you most likely will multiply when you work as a 
professional pilot. Depending upon the type of operations your company conducts, you 
may have more advanced aircraft equipment, additional crewmembers in the cockpit or 
cabin, and more personnel on the ground to support each flight. The efficiency of the 
flight depends on your ability to effectively utilize these resources. 


INTERNAL RESOURCES 


Your first experience with a more complex aircraft may come during your commercial 
training. A thorough understanding of the systems and operation of all equipment on 
board the aircraft is crucial to flight safety. A number of systems are considered vital to 
safe commercial operations, and their use is required during certain stages of flight 
under FAR Parts 121, 125, or 135. For example, the use of an autopilot is required for 
certain aircraft to be operated under IFR with a single pilot, as stated in FAR 135.105. 
The autopilot frees you from holding the aircraft on a heading and altitude during cruise, 
and, when coupled with a navigation system, responds to course changes as 
programmed into the system. You can simply monitor the system to ensure that the 
course is correct, a task that is far less physically demanding than hand-flying the 
airplane. 


Another resource to consider is your company’s supply of aeronautical charts. For VFR 
operations, you should be provided with the appropriate sectional and terminal area charts 
for the region in which you fly. You should also consider carrying IFR charts, even if you 
are not approved for IFR opera-  gappsmspiueniitmmnansniecao cies 

tions. In an emergency, they could 
prove invaluable. If you conduct 
IFR operations, there should be at 
least one set of charts for the 
region on board the airplane, and 
though it is standard for crews to 
rely on one chart between two 
pilots, you may want to carry a 
second set. Whether you use 
Jeppesen or NOS charts, make 
sure that updates are completed 
on schedule, so that you are not 
caught in IFR conditions with out- 
dated charts. [Figure 13-14] 


Figure 13-14. Other crewmembers involved in commercial operations are valuable resources. For example, 
in addition to another pilot, a second officer and/or flight attendant may be required. If you fly for an air ambu- 
lance operation, crewmembers may include a flight nurse or medical personnel. 


EXTERNAL RESOURCES 

Being a professional pilot often means that others are available to take over some of the 
duties that you normally did as a private pilot. Your company may employ dispatch 
personnel, who are responsible for planning the trip and collecting weather information 
for your route of flight. Company maintenance technicians can answer questions about 
aircraft systems and, if a company frequency is established, aid you during an inflight 
emergency. You may have baggage handlers to load the airplane and gate personnel to 
assist with passengers. Though these people are there so that you can focus on flying the 
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airplane, you still are responsible as PIC to check all weather, route, and airport information 
concerning the flight, as well as ensure the aircraft is airworthy. [Figure 13-15] 


Resource Use 


| IÑ EPoRT 


While descending toward ABC, we were cleared to . . . intercept the localizer course for Runway 30. Center then 
issued a VFR traffic advisory to us — a general aviation airplane was descending into ABC. The GA airplane was 
also advised that we were descending. [Each aircraft] reported the other aircraft in sight. Just prior to intercepting 
the localizer at 12,000 feet, we received a traffic alert form our TCAS. We still had a visual on the airplane, but it 
was difficult to ascertain his altitude or heading due to darkness. Very quickly after that, the TCAS issued a 
resolution advisory to “descend, descend now!” We complied, increased our rate of descent, and turned right to 
avoid the target. | estimate that our aircraft passed within a half mile of each other and were separated by 100-200 
feet vertically. 


| A NALYSIS 


It is difficult to judge the altitude and distance of other aircraft at night. A TCAS is an excellent resource which can 
help you determine the position and closing rate of traffic. Assistance from ATC also can be enlisted to help you 
maintain adequate spacing from traffic. For example, you can request that ATC keep you informed of aircraft spacing. 


| IX EPORT _ 


During cruise, we got a #1 engine overheat light . . . then it went out. [Later], the light came back on, followed by a 
fire loop fault light. We got clearance to divert to the nearest airport. While completing the emergency checklists, 
we got a #1 engine fire light and bell. We declared an emergency and fired both extinguisher bottles. We landed 
without further problems. The fire trucks reported no evidence of smoke or fire, and [later] the mechanics 
confirmed a short-circuit in the #1 engine fire detection system. | had the copilot fly while | got hold of company. 
We had a jumpseat pilot... who made an announcement to the passengers, after which he handled ATC 
communications. | completed checklists, kept an eye on aircraft position, and talked to the lead flight attendant. 
CRM can take full credit for the uneventful completion of this flight. 


| A navysis i N 
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Through the effective use of resources, this crew was able to successfully manage their workload during an 
emergency situation. Each crewmember performed specific tasks and the help of a jumpseat pilot was enlisted. By 
declaring an emergency and requesting an amended clearance, the crew was able to utilize ATC as a valuable 
resource. Extensive knowledge of the aircrafts systems and the efficient use of checklists proved essential. 
Additional resources on the ground included an emergency crew and aviation maintenance technicians. © 


Figure 13-15. These ASRS reports provide examples of the effective use of resources in the commercial 
environment. 


WORKLOAD 
MANAGEMENT 


In a crew that is functioning efficiently, work- 
load is divided between the pilots so that every 
necessary task is accomplished even during the  2¥d Situations that deg 
highest workload periods. However, you need COCkpit responsibilities. 
to remain vigilant to ensure that one pilot is not 
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doing too much and excluding the other pilot from sharing the workload. By managing 
workload so that it does not become excessive, you can avoid situations that lead to 
cockpit stress. 


PLANNING AND PREPARATION 


If you work for a large commercial operation, much of your preflight workload is 
assumed by other personnel, but you should not use their presence as an excuse to 
become complacent. Your job may shift from one of doing the actual flight planning to 
one of supervising and ensuring that the information presented to you is timely and 
correct. You can also focus on rehearsing the flight, and preparing for any contingencies 
that may arise. When you work for a smaller company, however, your preflight workload 
may increase above what you were responsible for as a private pilot. In addition to the 
normal required preflight duties, you may also be responsible for preparing a load 
manifest, if you fly multi-engine aircraft. The load manifest lists the number of passengers, 
the origin and destination of the flight, the registration number of the airplane, weight and 
balance information, and center of gravity limits. 


Because of the high demand on your time, you need to be organized and familiar with 
your current aircraft and operation. FAR Parts 121 and 135 list specific flight time 
limitations and rest requirements for flight crews. In addition to specifying the maximum 
number of hours pilots can be scheduled to 


; ; ; ‘ : Figure 13-16. This example of a commercial pilot’s dut 
fly in a given time period, these regulations 9 5 ; i 


ek i ; schedule shows how the pilots time is budgeted. Pilots 
limit the amount of time a pilot can be on who fly short trips may spend each evening at their home 
duty without a rest period. [Figure 13-16] base. Pilots on longer trips often are away from home for 
several days and then off duty for several days. Some 
Part 135 and corporate operations do not have sched- 
uled flights and require pilots to be on call. 
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FLIGHT ATTENDANT “ADDITIONAL CREW MEMBER AIRCRAFT TAR NUMBER & TYPE’ MANIFEST NUMBER ` 
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PRIORITIZING . 
You are experiencing the hurry-up syndrome when your performance is degraded by a 
perceived or actual need to hurry or rush tasks or duties for any reason. F or commercial 
operations, errors caused by rushing are most likely to occur in high workload 
operational phases, especially during preflight and taxi. Time-related pressures experi- 
enced by professional flight crews include the need of a company agent or ground per- 
sonnel to open a gate for another aircraft, pressure from ATC to expedite taxi for 
takeoff or to meet a restriction in clearance time, the pressure to keep on schedule when 
delays have occurred due to maintenance or weather, or the inclination to hurry to avoid 
exceeding duty-time regulations. 


During preflight, numerous tasks must be accomplished, but normally a logical 
sequence does not exist for performing these tasks as it does during other phases of 
flight. For example, prior to a flight you may have to handle flight planning, weather 
information, fuel loading, dispatch manifests, last-minute maintenance or MEL 
items, aircraft de-icing, and duty-time requirements. Trying to accomplish these 
duties without establishing priorities can lead to error. Paperwork and nonessential 
tasks can be relegated to low workload operational phases. Following checklists and 
adhering to the sterile cockpit rule also can aid in establishing priority for performing 
necessary tasks. [Figure 13-17] 


MANAGEMENT 


| Report ee Eee 


On February 24, 1989, Flight 811, a Boeing 747-122, departed Honolulu International Airport (HNL) at 0133 local 
time. It was confirmed by the second officer that prior to the airplane’s departure from the gate, all cabin and cargo 
door warning lights were out. While climbing through FL220, the crew heard a “thump” which was immediately 
followed by an explosive decompression. After donning their respective oxygen masks, the crew discovered that 
no oxygen was available. Engines 3 and 4 were shutdown due to damage from foreign object ingestion. The 
captain immediately stated “m flying the aircraft.” and the first officer went below to check for damage. With 
assistance from ATC, the crew defined the problem and initiated appropriate action. Although emergency 
procedures called for a descent, after evaluating the situation, the crew decided to maintain altitude. This proved ` 
to be an effective decision, since the airplane experienced a gradual, irreversible loss of altitude. A successful 
landing was made at HNL and the occupants were safely evacuated. It was determined that the forward lower 
lobe cargo door had separated in flight, causing extensive damage to the adjacent fuselage and cabin structure. 


A NALYSIS 


The use of CRM principles allowed this crew to successfully manage the workload of a major inflight emergency 
which caused multiple problems demanding immediate action. The captain exercised his authority effectively by 
taking charge of the situation and delegating tasks. Working together, the crew exhibited outstanding decision- 
making ability by choosing to maintain altitude which enabled the airplane to return to HNL. 


Figure 13-17. As you study this report, consider 
how the crew used planning, preparation, and pri- 


oritizing to effectively manage their workload during 
an emergency. 
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SITUATIONAL AWARENESS 


Although having a second pilot will generally aid your overall situational awareness, 
there are issues unique to being part of a two-pilot crew that can detract from your 
knowledge of your position and the state of the aircraft. One concern is that you may 
have trouble maintaining an awareness of operations that are not under your direct 
control. For example, if you are not responsible for communicating with ATC, you may 
not be immediately aware of a radio problem. You need to ensure that you maintain an 
awareness of the entire flight situation by eliciting information from other crewmembers 
and keep the other pilot informed of the status of operations that you are responsible for. 
There is a flow to gathering information and subsequent actions that helps you to stay 
informed of the state of the aircraft, weather conditions, and ATC communication, 
throughout the flight. [Figure 13-18] 


| 


CUES 
Visual References/ Instrument Interpretation/ Aircraft Feedback 


Figure 13-18. Situational awareness 
is most critical when conditions are 
changing rapidly and demand fre- 
quent updating. 


FEEDBACK 


Monitor Instruments/ Diagnose Problems/ 
Gather Information 


SITUATIONAL AWARENESS 
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PREPARATION 


Plan the Flight/ Allocate Resources/ 
Make Decisions 


ACTIONS 
Make Control Inputs/ Navigate/ Communicate 


CONTROLLED FLIGHT INTO TERRAIN 

The special demands of some commercial operations under FAR Parts 91, 121, and 135 
make them especially vulnerable to controlled flight into terrain (CFIT) accidents. When 
you first begin flying commercially, you may be hired by a company that does scenic 
flights and commuter operations in places like Alaska, Hawaii, or the Grand Canyon. The 
rugged terrain in these areas, and the additional duties which are required in the com- 
mercial environment can prove challenging. You can avoid becoming involved in a CFIT 
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Aircraft Equipment 


Figure 13-19. You can decrease your exposure to a CFIT accident by identifying risk factors and remedies 


prior to flight. 


accident by strictly adhering to VFR/IFR requirements and maintaining a high degree of 
knowledge about the terrain over which you are flying. [Figure 13-19] 


The multitude and complexity of systems on board an aircraft used for commercial 
operations may also add to the risk of CFIT. For example, relying too heavily on 
advanced navigational equipment, such as a flight management system (FMS), can lead 
to complacency and loss of situational awareness. The FMS is a computer system, typi- 


| - Some behavioral traps t that experienced 
pilots fall into are the need to complete a’ 
flight as planned, please passengers, meet 
schedules, and demonstrate the “right 
stuff.” The desire to demonstrate the “right stuff” can 
generate tendencies that lead to practices tha that mek 
gerous, often illegal, and may lead to a mishap. ô 
Commercial pilots are also just as prone to peer a 


sure, get-there-itis, loss of situational awaren 
operating without adequate fuel reserves. — 


s, and 
J 


cally used in airliners, which uses a large data 
base to allow routes to be preprogrammed and 
fed into the system by a data loader. The FMS is 
constantly updated with respect to position 
accuracy by reference to conventional naviga- 
tion aids. Failure to double-check entries, 
actively monitor displays, and refer to conven- 
tional aeronautical charts can lead to errors and 
a loss of situational awareness. While you may 
not be using an FMS, similar problems can 
occur when making entries into navigation 
equipment such as a GPS unit. [Figure 13-20] 


APPLICATION OF 
AERONAUTICAL DECISION 


MAKING 


By this point in your aviation career, you have reached a level of expertise that sets you 
apart from the majority of pilots. However, the commercial certificate is yet another step 


COMMERGIAL DECISION MAKING 


SECTION B 


SITUATIONAL AWARENESS 


IR Son 


On June 8, 1992, a Beechcraft C99 scheduied passenger flight crashed while maneuvering to land at the Anniston 
Metropolitan Airport in Anniston, Alabama. The NTSB determined that this CFIT accident occurred when the flight 
crew experienced a loss of situational awareness. When cleared for the ILS approach to Runway 5 at Anniston, 
the flight crew turned the airplane north away from the airport in the mistaken belief that the airplane was south of 
the airport. The flight crew did not fly outbound or execute the procedure turn which was required by the IAP. The 
C99 intercepted the back course localizer signal for the ILS approach, and the flight crew tried to fly the approach 
at an excessive airspeed about 2,000 feet above the specified altitude for crossing the FAF. The airplane 
continued a controlled descent until it impacted terrain. 


0848:10 

ATC: . . . and a eight sixty one, proceed direct Bogga maintain four thousand ‘til Bogga, cleared localizer run- er 
ILS runway five approach. 

F/O: Direct, direct to Bogga four thousand and cleared for the ILS runway five. Eight sixty one. Thank you. 
Captain: Ask him distance from .. . 

F/O: From Bogga? 

Captain: That's okay, I'l! just... 

F/O: We’re ah . . . minus six point one. We're five miles from Bogga. 

F/O: Go ahead and slow on up. 

F/O: There you go keep the shiny side up. 

Captain: Ah. 


F/O: There you go. Should have moved your heading bug. Here you go l'li get you set in here. 
Captain: Okay /et’s go approach flaps. 

F/O: Speed checks coming now. 

F/O: Didn't realize that you’re going to get this much on your first day did ya. 

Captain: Well it’s all kind of ganged up here on me a little fast. 


0851:34 

F/O: Okay watch your airspeed. One fifteen on the airspeed. 

F/O: We’re inside — through twenty-two we can continue our descent on down. We're way high. 
Captain: Okay, is the glide slope working? 

F/O: Nope I'm not gettin’ any. 

F/O: So with no glide slope, we’re down to eleven hundred. 

Captain: You got your frequency in there? 

F/O: Five hundred — one eleven five, double check, yup. 

Captain: What's our missed approach point now? 

F/O: Missed approach at the middle marker ah... 

F/O: Eleven hundred but we need to add a hundred so twelve hundred. 
F/O: Comin’ up... 


0852:25 - Sound of impact 


| A navsis 


The NTSB determined that one of the causes of this accident was the failure of the flight crew to use approved 
instrument flight procedures, which resulted in a loss of situational awareness and terrain clearance. The crew's 
failure to effectively manage their cockpit duties in part stemmed from the pairing of an inadequately prepared 
captain with a relatively inexperienced first officer. In addition, crew coordination suffered due to a role reversal on 
the part of the captain and first officer. 


Figure 13-20. A review of the details of this accident and an excerpt from its transcript reveals how important CRM 
skills are to maintaining situational awareness. 
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in your continuing education that will go on as long as you fly. Each flight will bring a 
new set of experiences that affect your future decisions. In the following example from 
an ASRS report, a first officer is confronted with a complex flight situation resulting 
from an adverse cockpit environment, and he must make a number of decisions in order 
to see that the flight ends safely. 


A SW3 Metroliner departed from Ketchikan, Alaska, for a scheduled passenger and 
cargo flight to Wrangell, Petersburg, and Juneau. After climbing above the cloud deck, 
the DME failed, and the aircraft was then limited to VFR operations, as per the MEL. VFR 
conditions were initially reported at each stop, but to the north, conditions worsened 
significantly, and the first officer was concerned that this lowering weather would affect 
the flight. The captain suggested that they “Jook and see,” and the flight proceeded from 
Petersburg toward Juneau. Terrain in this part of Alaska is extremely rugged, with sea 
level fjords and mountains reaching 6,000 feet MSL in close proximity to the course of 
the flight. While enroute, the captain penetrated 3 rain squalls in which visibility 
dropped to zero, and was forced to descend to below 400 feet AGL while flying through 
channels and mountainous valleys. At this point, the flight became in danger of CFIT for 
the first time, and the crew should have requested assistance from ATC while executing 
a climb to a safe altitude and course. 


After numerous attempts, the first officer finally convinced the captain to return to 
Petersburg, reminding him that they were breaking regulations and endangering 
themselves and their passengers. They landed at Petersburg, but the captain wanted to 
go on to Ketchikan, for purely personal reasons. Since Ketchikan was still reporting VFR, 
the first officer agreed to go, and it was his leg to fly. Once they were airborne, the first 
officer noted that Wrangell, located between Petersburg and Ketchikan, was obscured by 
clouds and rain, and he asked the captain for a weather report from Wrangell, attempting 
to use him as a resource. The captain refused, and the first officer then decided to return 
to Petersburg. As the first officer began a 180° turn, the captain took control of the 
airplane and turned back toward Wrangell. The aircraft entered IFR conditions, even 
though both pilots were aware of mountainous terrain only 3 miles in front of them. 
Despite the first officer’s repeated attempts to make the captain turn back, he continued 
until the first officer called Sitka Radio to declare an emergency. The captain finally 
capitulated and began to turn around when he spotted the town of Wrangell from 150 
feet AGL and was able to make a contact approach. They landed, and a weather observer 
on the field verified that IFR conditions prevailed. [Figure 13-21] 


Though you may never fly in coastal Alaska, similarly hazardous conditions can form in 
any part of the country. The MEL limitation to VFR conditions could have been dealt with 
effectively had the captain practiced sound decision making. Only through the continued 
advocacy of the first officer, and his final attempt to declare an emergency, did the captain 
begin to change his mind about continuing into weather that was below VFR minimums. 
Still, the airplane landed at Wrangell when the better choice would have been to land at 
a field that was still VFR. There were several points along the chain of events where both 
effective and poor choices were made. The captain penetrated IFR conditions without 
being on an IFR flight plan, exposing the flight to a potential CFIT accident and violating 
FARs. The first officer voiced his concern, trying to establish communication in the 
cockpit. Unfortunately, the captain dismissed his concerns, and continued on, setting the 
stage for a hostile cockpit environment. By refusing to return to Petersburg when 
conditions at Wrangell were deemed unsuitable, the captain let personal issues and 
outside stress affect his decisions. The first officer continued to demand a return toa VFR 
airport, and he finally attempted to obtain outside help, in the form of Sitka Radio. 


The final poor decision implemented by the crew was to land at Wrangell, again inviting 
a CFIT accident. Positional awareness remained high, as both pilots were intimately 
familiar with the terrain and airports, yet each pilot used this knowledge in a different 
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Figure 13-21. This sectional chart excerpt 
shows the nature of the terrain along the 
T TE final leg of the return flight to Wrangell. 
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way. It appeared as if the captain felt he could take more risks since he was familiar with the 
area, while the first officer was alarmed that the captain would continue toward the mountains 
in IFR conditions at a high rate of speed. An effective decision may have been to turn away 
from the mountains and remain clear in VFR conditions while deciding on an alternate plan. 


It is estimated that human factors contribute significantly to approximately three-quarters 
of commercial aircraft accidents. As you enter the commercial aviation environment, 
your understanding of basic CRM principles and the human factors elements which affect 
aeronautical decision making can help you avoid becoming part of this statistic. 


SUMMARY GHECKLIST 


Y/Y As a commercial pilot, decision making can be complex as you balance public per- 
ceptions of aviation, your company’s schedule, and your desire to conduct safe 


flight operations. 


/Y Aeronautical decision making is a systematic approach to the mental process used by 
pilots to consistently determine the best course of action for a given set of circumstances. 


/Y Hazardous attitudes should be identified and corrected as an early part of the ADM process. 


v33 


Mj 
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/ The acronym DECIDE is used by the FAA to describe the basic steps in the deci- 
sion-making process, 


/ Examining flight crew scenarios contained in ASRS accounts, NTSB reports and 
other safety-related publications can help increase your awareness of how CRM 
affects flight safety in the commercial environment. 


/ A flight operations manual outlines company procedures regarding such elements 
as crewmember duties and responsibilities, enroute flight, navigation and commu- 
nication, weight limitations, emergencies, operating in hazardous weather, and 
obtaining aircraft maintenance, as well as many other company operations. 


/ Operations specifications, or ops specs, are the conditions under which your com- 
pany must operate in order to retain approval from the FAA. Ops specs include 
information such as the authorized areas of operations, aircraft, crew complements, 
types of operations (IFR, VFR, day, night, etc.), and any other pertinent information. 


Z One way to facilitate effective communication and prepare for high workload 
phases of flight is through departure and approach briefings. 


/ Generally, the pilot flying (PF) is in charge of aircraft control, while the pilot not fly- 
ing (PNF) often is responsible for radio communication and navigation. 


/ The challenge-response method requires one pilot to read the checklist item out loud, 
while the other crewmember completes the task and repeats the instruction verbally. 


v Barriers to communication include failing to establish open communication with 
crewmembers, misunderstanding and conflict in the cockpit, and the distraction 
caused by nonessential conversation. 


“ Commonly referred to as the sterile cockpit rule, FAR 121.542 and FAR 135.100 
prohibit crewmember performance of non-essential duties or activities while the 
aircraft is involved in taxi, takeoff, landing, and other flight operations conducted 
below 10,000 feet MSL, except during cruise flight. 


v Resources which may be available to you during commercial operations include 
additional crewmembers and advanced aircraft equipment, as well as company 
maintenance and ground personnel. 


v If you work for a large commercial operation, your preflight activities may shift 
from doing the actual flight planning to supervising and ensuring that the informa- 
tion presented to you is timely and correct. 


V The load manifest lists the number of passengers, the origin and destination of the 


flight, the registration number of the airplane, weight and balance information, and 
center of gravity limits. 


V You are experiencing the hurry-up syndrome when your performance is degraded 
by a perceived or actual need to hurry or rush tasks or duties for any reason. 


V Certain commercial operations have increased exposure to situations where CFIT 
is a Serious Concern, You can increase your situational awareness by making proper 


use of all available resources, managing your workload effectively and staying con- 
tinuously aware of your position and the state of the airplane. 
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COMMERCIAL DECISION MAKING 


KEY TERMS 


SECTION B 


Crew Resource Management (CRM) Pilot Flying (PF) 

Flight Operations Manual Pilot Not Flying (PNF) 
Operations Specifications Challenge-Response Method 
Departure Briefing Sterile Cockpit Rule 
Approach Briefing Load Manifest 


QUESTIONS 


T. 


True/False. When you fly for a commercial operation, your employer is responsible 
for making all go/no-go decisions. 


Describe methods which you can use to familiarize yourself with CRM principles. 
What are operations specifications? 


What is the procedure called when one pilot calls out a checklist item, and the 
other pilot completes the task and repeats the instructions verbally? 


A. Challenge-repeat method 
B. Challenge-response method 
C. Condition-response method 


When do FAR 135.100 and FAR 121.542 require a sterile cockpit? 


A. During takeoff and landing only 

B. During taxi, takeoff, landing, cruise, and all other flight operations conducted 
below 10,000 feet MSL 

C. During taxi, takeoff, landing, and all other flight operations conducted below 
10,000 feet MSL, except cruise flight 


List some of the internal and external resources which may be available to you dur- 
ing commercial operations. 


True/False. The load manifest contains information regarding center of gravity lim- 
its for the flight. 


What are some of the time-related pressures experienced by professional flight 
crews during preflight and taxi? 
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During flight training, you typically learn to fly at airports with relatively long, paved 
runways. However, not all airports have long runways, many have runways made of dirt, 
grass, or sod. It is important that you learn how to perform short-field and soft-field take- 
offs, climbs, approaches, and landings. These maneuvers, also referred to as maximum 
performance takeoffs and landings, are designed to allow you to operate safely into and 
out of unimproved airports. 


SOFT-FIELD TAKEOFF AND 
CLIMB 


A soft field may be defined as any runway that measurably retards acceleration during 
the takeoff roll. The objective of the soft-field takeoff is to transfer the weight of the air- 
plane from the landing gear to the wings as quickly and smoothly as possible to elimi- 
nate the drag caused by surfaces such as tall grass, soft dirt, or snow. Takeoffs and climbs 
from soft fields require special procedures, as well as knowledge of your aircraft’s per- 
formance characteristics including, best angle-of-climb speed (Vx) and best rate-of-climb 
speed (Vy). When using the FAA-approved flight manual or POH performance data, keep 
in mind that the figures, such as takeoff distance, apply to an airplane in good operating 
condition, and they are valid only for the listed conditions. 


You actually begin the soft-field procedure during the taxi phase. If the taxi area surface 
is soft, use full back pressure on the yoke to maintain full-up elevator (or stabilator) 
deflection with a slight amount of power to keep the airplane moving. This technique 
transfers some of the airplane’s weight from the nosewheel to the main wheels, resulting 
in lower power requirements and greater ease in taxiing. 


MAXIMUM PERFORMANCE TAKEOFFS AND LANDINGS 


SECTION A 


w Complete the before takeoff check on a paved or firm surface area, if practical. 


This helps to avoid propeller damage and the possibility of the airplane becoming 
stuck. 


e Set the flap position as recommended by the manufacturer. 


e Clear the approach and departure areas and the traffic pattern prior to taxiing 
onto the runway. After obtaining a clearance (at a controlled airport) or self 
announcing your intentions (at an uncontrolled airport), taxi into position for 
takeoff without stopping. 


(>) Align the airplane with the center of the runway, and while still rolling, smoothly 
add full power. Make sure you check engine instruments as the engine reaches 
full power. Maintain full back pressure on the yoke to raise the nosewheel from 
the soft surface. 


el steering becomes ineffective. However, due to the 
sufficient to maintain directional control. 


e As you increase speed and the elevator (or stabilator) becomes more effective, 
reduce back pressure slightly. Continue to use back pressure on the yoke to 
hold the nose up and to reduce the amount of weight on the nosewheel. 


celerating during the takeoff roll, the airplane may 
. cause the tail skid to come in contact with the surface. 


As the airplane lifts from the runway surface, reduce back pressure to achieve a 
level flight attitude. 


> of the aircrafts weight is transferred to the wings. This 
eed slower than safe climb speed. The airplane is now 


Q Allow the airplane to accelerate in level flight, within ground effect, to Vx or Vy 
(as required) before starting a climb. 


ce into the air before its full weight can be supported 

he pitch attitude as constant as possible (an important 
r after a bounce, the nosewheel may strike the 

h attitude after a bounce may cause the airplane to 
Ix before climbing out of ground effect. If no 

n begin to climb. 


Establish the climb attitude maintaining Vy. Once a positive rate of climb is 
attained, retract the landing gear and raise the flaps, then trim to relieve control 


pressures. 
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SOFT-FIELD TAKEOFF AND CLIMB 


To meet the PTS standards, you should be able to: 
e Exhibit knowledge of the elements related to a soft-field takeoff and climb. 
e Position the flight controls and flaps for the existing conditions to maximize lift as quickly as possible. 


e Clear the area; taxi onto the takeoff surface at a speed consistent with safety and align the air- 
plane without stopping while advancing the throttle smoothly to takeoff power. 


e Establish and maintain the pitch attitude that will transfer the weight of the airplane from the 
wheels to the wings. 


e Remain in ground effect after takeoff while accelerating to Vx or Vy, as required. 
e Maintain Vy, +5 knots. 


e Retract the landing gear and flaps after a positive rate of climb is established, or as specified by the 
manufaciurer. 


° Maintain takeoff power to a safe maneuvering altitude, then set climb power. 
e Maintain directional contro! and proper wind-drift correction throughout the takeoff and climb. 


+ Complete the appropriate checklist. 


SOFT-FIELD APPROACH 
AND LANDING 


The objective of a soft-field landing is to ease the weight of the airplane from the wings 
to the main landing gear as gently and slowly as possible, while keeping the nosewheel 
off the soft surface during most of the landing roll. If executed properly, this technique 
will prevent the nosewheel from sinking into the soft surface and reduce the possibility 
of an abrupt stop or possible damage to the airplane during the landing roll. You should 
consult your airplane’s POH for the appropriate speeds and specific procedures for per- 
forming soft-field landings. In the absence of a manufacturer’s recommended approach 
speed, use 1.3 times the stalling speed in the landing configuration (1.3 Vso). In addition 
a gust factor adjustment to the approach speed may be applicable. 


APPROACH 


V Ensure that the before landing checklist is completed and that the approach and 
landing areas are clear. Lower the landing gear and extend approximately one- 
third of the available flaps. 


Q Extend the flaps to two-thirds, while progressively reducing the airspeed. Use 
trim to relieve control pressures. 
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5) Unless obstacles are in the approach path, maintain the same descent angle on 
final as you would during a normal approach. Maintain the recommended 
approach speed and extend the remaining flaps. 


flaps during a soft-field landing is normally recommended to allow the airplane to touch down at 

seed. However, you must also consider the runway conditions when determining whether to 

For example, in a low-wing aircraft, the flaps may suffer damage from mud, slush, or stones 
m the wheels. 


LANDING 


Hold the airplane one to two feet above the surface as long as possible to dissipate 
forward speed. Maintain that attitude with power and slowly continue the 
descent until the airplane touches down at the lowest possible airspeed with the 
airplane in a nose-high attitude. 


tain power during the landing flare and touchdown, the slipstream flow over the empennage 
ectiveness of the elevator (or stabilator). The amount of power required during the landing 
own varies with the weight and density altitude. 


Touch down in a nose-high attitude at the slowest possible airspeed. Maintain 
back pressure on the yoke to hold the nosewheel off the surface as long as practi 
cal. As the airspeed decreases on the roll-out, smoothly and gently lower ihe 


nosewheel to the surface. 


145 
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n will help you to ease the nosewheel down, under control. 


Q Increase the power slightly, if necessary, to keep the aircraft moving and prevent 


it from stopping suddenly on the soft surface. Avoid using the brakes since brak- 
ing action may cause the nosewheel to dig into the soft surface and cause damage 
to the landing gear. The soft surface should provide sufficient braking action to 


slow the aircraft. 


SOFT-FIELD APPROACH AND LANDING 


4 


To meet the PTS requirements, you should be able to: 
e Exhibit knowledge of the elements related to a soft-field approach and landing. 
e Consider the wind conditions, landing surface, and obstructions. 
¢ Select the most suitable touchdown point. 


e Establish the recommended approach and landing configuration, and adjust power and pitch 
attitude as required. 


e Maintain a stabilized approach and recommended approach airspeed, or in its absence not 
more than 1.3 Vso, with gust factor applied, +5 knots. 


e Make smooth, timely, and correct control applications during the roundout (flare) and touchdown. 
e Maintain crosswind correction and directional control throughout the approach and landing. 


e Touch down softly with no drift, and with the airplane’s longitudinal axis aligned with 
the landing surface. 


e Maintain the proper position of the flight controls and sufficient speed to taxi on the soft surface. 


e Complete the appropriate checklist. 


SHORT-FIELD TAKEOFF 
AND CLIMB 


Short-field takeoff and climb procedures may be required when the usable runway 
length is short, or when the runway available for takeoff is restricted by obstructions, 
such as trees, powerlines, or buildings, at the departure end. During short-field practice 
sessions, it is usually assumed that you are departing from a short runway and that you 
must clear an obstacle which is 50 feet in height. To accomplish successful short-field 
takeoffs and climbs, you must be familiar with the best angle-of-climb speed (Vx) and the 
best rate-of-climb speed (Vy) for your airplane. Many manufacturers also specify a best 
obstacle clearance speed. You should consult your airplane’s POH for the appropriate 
speeds and specific procedures for performing short-field takeoffs. 


MAXIMUM PERFORMANCE TAKEOFFS AND LANDINGS 


lus Complete the before takeoff check. Ensure that the runway, as well as the 
approach and departure paths are clear of other aircraft. After obtaining a clear- 
ance (at a controlled airport) or self announcing your intentions (at an uncon- 
trolled airport), taxi into position at the beginning of the runway so as to allow 
maximum utilization of the available runway, and align the airplane on the run- 
way centerline. 


>) Set the flaps as recommended by the manufacturer. The appropriate flap setting 
varies between airplanes and can range from no flaps to approximately one-half 
flaps. While holding the brakes, smoothly add full power, then release the brakes 
to begin the takeoff roll. 


ables you to determine that the engine is functioning 
availability is critical and distance to abort a takeoff is limited. 


a) Allow the airplane to accelerate with its full weight on the main wheels by hold- 
ing the yoke to maintain the elevator (or stabilator) in a neutral position. 
Smoothly and firmly apply back pressure to the yoke to lift off at the recom- 
mended airspeed. Since the airplane accelerates quickly after lift off, you may 
need to apply additional back pressure to establish and maintain Vx (or best 


obstacle clearance speed). 


led liftoff speed. A premature nose-high attitude increases 
| attempt to lift the airplane off the runway prematurely, or to 
e runway. In addition, a stall may result or the airplane 
mended climb speed, by as little as five knots, can 
in some airplanes. 


Once you have cleared the obstacle and reached a safe altitude, lower the nose 
and accelerate to Vy. Retract the landing gear and then retract the flaps (if applic- 
able). If no obstacles are present during training, you should maintain Vx until 
you are at least 50 feet above the runway surface. Trim to relieve control pres- 


sures. 


ane, retract the flaps in increments. 


SECTION A 
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CHAPTER 14 


SHORT-FIELD TAKEOFF AND CLIMB 


To meet the PTS requirements, you should be able to: 
* Exhibit knowledge of the elements related to a short-field takeoff and climb. 
e Position the flight controls and flaps for the existing conditions. 
e Clear the area; taxi into the takeoff position for maximum utilization of the available takeoff area. 


e Advance the throttle smoothly to takeoff power while holding brakes, or as specified by the 
manufacturer. 


e Rotate at the recommended airspeed. 


e Climb at the manufacturer's recommended airspeed and configuration, or in the absence at Vx, +5/-0 
knots until the obstacle is cleared, or until the airplane is at least 50 feet (20 meters) above the 
surface. 


e After clearing the obstacle, accelerate to Vy, +5 knots. 


e Retract the landing gear and flaps after a positive rate of climb is established, or as specified by the 
manufacturer. 


e Maintain takeoff power to a safe maneuvering altitude, then set climb power. 
e Maintain directional control and proper wind-drift correction throughout the takeoff and climb. 


+ Complete the appropriate checklist. 


SHORT-FIELD APPROACH 
AND LANDING 


A short-field landing is necessary when you have a relatively short landing area or when 
an approach must be made over obstacles which limit the available landing area. A 
short-field landing consists of a steep approach over an obstacle, using power and flaps 
(normally full flaps). A minimum landing speed is desired with a touchdown point as 
close to the threshold as possible. During short-field landing practice, assume you are 
making the approach and landing over a 50-foot obstacle. You should consult your air- 
plane’s POH for the appropriate speeds and specific procedures for performing short- 
field takeoffs. In the absence of a manufacturer’s recommended speed use 1.3 times the 
stalling speed in the landing configuration (1.3 Vso). In gusty conditions, an increase in 
airspeed of no more than one-half the gust factor should be added. 


APPROACH 


Ensure that the before landing checklist is completed and that the approach and 


landing area is clear. Lower the landing gear and extend approximately one-third 
of the available flaps. 
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MAXIMUM PERFORMANCE TAKEOFFS AND LANDINGS 


=) Extend the flaps to two-thirds, while progressively reducing the airspeed. Use 
trim to relieve control pressures. 


Q Begin the final approach at least 500 feet higher than the touchdown area. 
Maintain the recommended approach speed and extend the remaining flaps. 


‘The descent angle used for the short-field approach is steeper than that used for a normal approach. This 
a llows ee to clear an ce tacio peed near ene approach end of the ey. p ending fuli pes allows a 


LANDING 


Q As you begin the flare, reduce power smoothly to idle and allow the airplane to 
touch down in a full-stall condition. Since the short-field approach is made at a 
steep descent angle and close to the airplane’s stalling speed, you must judge the 
initiation of the flare accurately to avoid flying into the ground or stalling prema- 
turely and sinking rapidly. 


Reducing power too rapidly may result in an immediate increase in the rate of descent and a hard landing. 
-On the other hand, the airplane should touch down with little or no float. An excessive amount of airspeed 
result in touchdown too far beyond the runway threshold and a roll-out which exceeds the available 
area. As your training progresses, your goal will be to touch down beyond and within 100 feet of a 
d by your instructor. 


When the airplane is firmly on the runway, lower the nose, retract the flaps (if rec- 
ommended) and apply the brakes, as necessary to further shorten the roll-out. 


el-type airplanes, holding the landing pitch attitude, as long as elevator authority remains effec- 
vides aerodynamic braking by the wings. Some manufacturers recommend retraction of flaps on 
This transfers more weight to the main gear and enhances braking. 


SECTION A 
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COMMERCIAL MANEUVERS 


SHORT-FIELD APPROACH AND LANDING 

” To meet the PTS requirements, you should be able to: 

Exhibit knowledge of the elements related to a short-field approach and landing. 

Consider the wind conditions, landing surface, and obstructions. 

Select the most suitable touchdown point. 

Establish the recommended approach and landing configuration and adjust power and pitch attitude as required. 


Maintain a stabilized approach and recommended airspeed, or in its absence not more than 1.3 Vso, 
with gust factor applied, +5 knots. 


Make smooth, timely, and correct control application during the roundout (flare) and touchdown. 
Remain aware of the possibility of wind shear and/or wake turbulence. 


Touch down at a specified point at or within 100 feet (30 meters) beyond the specified point, with little or 
no float, with no drift, and with the longitudinal axis aligned with and over the center of the landing surface. 


Maintain the crosswind correction and directional control throughout the approach and landing. 
Apply brakes, as necessary, to stop in the shortest distance consistent with safety. 


Complete the appropriate checklists. 


QUESTIONS 


Ila 


True/False. The soft-field takeoff procedure begins during the taxi phase. 


. During a soft-field takeoff, liftoff normally occurs at a speed below the safe climb 


speed. What action should you take before starting a climb? 


. What is the correct procedure for the roll-out after a soft-field landing? 


A. Maintain power at idle and apply heavy braking. 
B. Hold forward pressure on the yoke and avoid braking. 
C. Maintain back presure on the yoke and increase power slightly, if necessary. 


True/False. During a soft-field landing, you should lower the nosewheel to the sur- 
face as quickly as possible after touchdown. 


. Why should you hold the brakes until you achieve full power prior to beginning a 


short-field takeoff? 


During short-field takeoff practice sessions, it is assumed that you must clear an 
obstacle which is how many feet high? 


True/False. While executing a short-field landing, you should reduce power to idle 
in the flare and allow the airplane to touch down in a full stall condition. 


Is the descent angle for a short-field approach steeper, shallower, or the same as 
that flown for a normal approach and landing? 


STEEP TURNS 


Steep turns are level, high-performance turning maneuvers normally performed as a 
series of 360° turns in opposite directions with a bank angle of approximately 50°, +5°. 
The objective of the maneuver is to help develop the ability to accurately control an air- 
craft near its maximum performance limits. It also increases your knowledge of the asso- 
ciated performance factors, including load factor, angle-of-bank limitations, effect on 
stall speed, power required, and the overbanking tendency. 


The actual turning performance of an airplane is limited by the amount of power the 
engine is developing, load limit (structural strength), and aerodynamic design. As you 
increase the bank angle, you eventually approach maximum performance or the load 
limit. In most light airplanes, the maximum bank angle you can maintain with full power 
is 50° to 60°. If you exceed the maximum performance limit while maintaining your air- 
speed at or below the airplane’s design maneuvering speed (Va), the airplane will either 
stall or will lose altitude. With airspeed above V4, it is possible to exceed the load limit. 


As is the case with all training maneuvers, you must be aware of other traffic in the area. 
Before you start the maneuver, make clearing turns to ensure the practice area is free of 
conflicting traffic. Start at an altitude which will allow you to complete the maneuver no 
lower than 1,500 feet AGL. 


CHAPTER 14 COMMERCIAL MANEUVERS 


we, 
5 ‘es cae ga 


Q Upon completion of your clearing turns, select a reference point on the horizon 
and note your heading and altitude. 


(2) Roll into a 50° angle-of-bank turn at or below Va. During roll-in, smoothly add 
power and slowly increase back pressure on the yoke to maintain altitude. 
Maintain coordinated flight and trim to relieve control pressures. 


e rate. If you roll the airplane too rapidly, you may 

ry to maintain altitude. Do not apply too much back 

ude. However, as you become established in 
tude. 


Maintain your angle of bank and altitude. Confirm your attitude by referring to 
both the natural horizon and attitude indicator. Use your altimeter and vertical 
speed indicator to determine if changes in pitch are required. 


gle of bank first, then increase back pressure 
red altitude, roli back to the desired angle of bank. 


Anticipate the change in direction of the turn by leading the roll-out heading by 
one-half the bank angle, approximately 25°. Roll out on the entry heading and 
briskly roll into a 50° banked turn in the opposite direction. 


tendency which is less apparent in right turns than it 
to roll the aircraft to the left and work against the 
need more rudder and aileron pressure during 
the control pressures exerted during the 


Q After the initial roll-in to the turn, confirm your attitude by referring to both the 
natural horizon and attitude indicator. Use your altimeter and vertical speed indi- 


cator to determine if changes in pitch are necessary. Anticipate the roll-out by 
leading the rollout heading approximately 25°. 
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5) Roll out on the entry heading and altitude. Decrease back pressure on the 
yoke, and reduce power to maintain altitude and airspeed. Trim to relieve 
control pressures. 


STEEP TURNS 


To meet the PTS requirements, you should be able to: 
° Exhibit knowledge of the elements related to steep turns. 


° Select an altitude that will allow the maneuver to be completed no lower than 1,500 feet AGL 
(460 meters) or the manufacturer's recommended altitude, whichever is higher. 


° Establish an airspeed as recommended by the aircraft manufacturer or as specified by the 
examiner not to exceed V4. 


° Roll into a coordinated 360° turn; maintain a 50° angle of bank, +5°, followed immediately by a 
360° turn in the opposite direction. 


. Divide your attention between airplane control and orientation. 
. Roll out on the entry heading +10°. 
. Maintain entry altitude, +100 feet (30 meters), and airspeed, +10 knots. 


QUESTIONS 


1. What is the first thing you should do if you begin to lose altitude during a steep 
turn? 


2. Why is overbanking tendency less apparent in right turns than it is in left turns? 


A. Torque and P-factor tend to roll the aircraft to the right and work against the 
overbanking tendency during a left turn. 

B. There is no difference between left and right turns; overbanking occurs 
because the angle of bank has exceeded the limits of the airplane. 

C. Torque and P-factor tend to roll the aircraft to the left and work against the 
overbanking tendency during a right turn. 


3. True/False. The entry speed for a steep turn should be above V4. 


4. How many degrees should you lead your desired heading when you initiate the 
recovery from a steep turn? 
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SECTION CG 
CHANDELLES 


A chandelle can be described as a maximum performance 180° climbing turn. It involves 
continual changes in pitch, bank, airspeed, and control pressures. During the maneuver, 
the airspeed gradually decreases from the entry speed to a few knots above stall speed at 
the completion of the 180° turn. Since you use full power (in airplanes with a fixed-pitch 
propeller) throughout the chandelle, you must control airspeed by adjusting the pitch 
attitude of the aircraft. Because of this, maintaining the proper pitch attitude is a key 
element of this maneuver. Due to variables, such as atmospheric density and airplane 
performance, altitude gain is nct a criterion for successful completion of a chandelle. 
However, the aircraft should gain as much altitude as possible for the given bank angle 
and power setting without stalling. The objective of the maneuver is to help you develop 


good coordination habits and refine the use of aircraft controls at varying airspeeds and 
flight attitudes. 


As is the case with all training maneuvers, you must be aware of other traffic in the area. 
Before you start the maneuver, make clearing turns to ensure the practice area is free of 


conflicting traffic. Start at an altitude recommended by the aircraft manufacturer or 
1,500 feet AGL, whichever is higher. 


CHANDELLES 


SECTION C 


$ 
oN Scrat ee ee ee om ET ce. a on 
a ee ie Bi I CRNA aE I os CUE dial 


Y Before entering the maneuver, configure the airplane in straight-and-level 
flight with the landing gear and flaps up, using the entry airspeed recom- 
mended in the pilot’s operating handbook or maneuvering speed (V4), 
whichever is slower. 


ect on the chandelle, you will find it is best to begin the 
remain within the training area. Select a prominent fea- 


>) Establish a coordinated turn not to exceed 30° of bank. Then, simultaneously 
apply back elevator pressure to begin a climb and smoothly apply full power. If 
your airplane has a constant speed propeller, increase the RPM to the climb or 
takeoff setting, then advance the throttle to the climb setting. 


ingle of 30° should remain the same. Pitch attitude on the 
ts maximum at the 90° point. 


Q Begin a gradual reduction of bank angle, while maintaining a constant pitch 
attitude. 


t rate so you reach wings level at the 180° point. As airspeed 
ator back pressure to maintain a constant pitch attitude. You 
by P-factor and propeller slipstream is more prevalent, 
coordinate both right and left turns. 


Q Reduce the pitch attitude to resume a level flight attitude, allowing your air 
plane to accelerate while maintaining a constant altitude. 


right wing is lowered slightly during the roll-out. This causes 

e the airplane yaw slightly to the right. At the same time, the 

t. As a result, aileron drag and the left-turning tendency 

re is required. Actually, releasing some of the right 
-turning tendencies, will normally have the same 

n you roll out from a chandelle to the left, two turning 

this case, you need a significant amount of right 
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CHANDELLES 


To meet the PTS standards, you should be able to: 


° Exhibit knowledge of the elements related to performance factors associated with chandelles. 


° Select an altitude that will allow the maneuver to be performed no lower than 1,500 feet AGL 
(460 meters) or the manufacturer's recommended altitude, whichever is higher. 


° Establish the entry configuration at an airspeed no greater than the maximum entry speed 
recommended by the manufacturer, not to exceed Va. 


° Establish appropriate bank angle, not to exceed 30°. 


° Simultaneously apply specified power and pitch to maintain a smooth, coordinated climbing turn 
with constant bank to the 90° point. 


e Begin a coordinated constant rate of rollout from the 90° point to the 180° point, maintaining 
specified power and a constant pitch attitude that will result in a rollout within +10° of the 


desired heading and airspeed within +5 knots of power-on stall speed. 


. Reduce pitch attitude to resume straight-and-level flight at the final altitude attained, +50 feet 
(20 meters). 


QUESTIONS 


1. What is the maximum wind limit for practicing chandelles? 
A. 5 to 10 knots 
B. 15 to 20 knot surface wind 


C. Wind is not a factor when practicing chandelles 


2. True/False. During the second 90° of the turn, you should always maintain the 
highest angle of bank and continue to increase the pitch angle. 


3. What factor counteracts left-turning tendency in a chandelle to the right? 


4. What maximum angle of bank should you observe during a chandelle? 


A. 10° 
Be. 20" 
Co SUF 
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ECT! 
LAZY EIGHTS 


The lazy eight is basically two 180° turns in opposite directions, with each turn includ- 
ing a climb and a descent. It is called a lazy eight because the longitudinal axis of the 
aircraft appears to scribe a flight pattern about the horizon that resembles a figure eight 
lying on its side. Throughout the maneuver, airspeed, altitude, bank angle, and pitch 
attitude, as well as control pressures, are constantly changing. Because of these constant 
changes, you cannot fly the lazy eight mechanically or automatically. The lazy eight 
requires a high degree of piloting skill and a sound understanding of the associated per- 
formance factors. The objective of this maneuver is to develop and improve your coor- 
dination, orientation, planning, division of attention, and ability to maintain precise 
aircraft control. A good way to visualize the lazy eight is to break each 180° turn into 


segments. 


As is the case with all training maneuvers, you must be aware of other traffic in the area. 
Before you start the maneuver, make clearing turns to ensure the practice area is free of 
conflicting traffic. Start at an altitude that will allow you to perform the maneuver no 
lower than 1,500 feet AGL or an altitude recommended by the aircraft manufacturer, 
whichever is higher. Since you will be changing heading and altitude continually, be 
particularly careful to maintain vigilance throughout the maneuver. While scanning the 
area, look for visual reference points that you can use for orientation. You should also try 
to determine the direction of the wind and an entry reference point on the horizon, 
which will allow you to make your turns into the wind. Additional reference points at 
45°, 90°, and 135° are also useful. 


A CHAPTER 14 COMMERCIAL MANEUVERS 


pe e a S a Ne EEN 


v Align your flight = with your initial reference point and establish innit 
and-level flight at the recommended airspeed. 


Q Begin a gradual climbing turn toward the 45° point, increasing pitch attitude 
while you slowly increase the angle of bank. 


ses, your rate of turn at a given angle of bank 
pid, you will reach the 45° point of the turn before 


As you pass through the 45° point of the turn, your pitch attitude should be at 
its maximum and your bank angle should be about 15°. From 45° to the 90° 
point you should begin to decrease your pitch attitude to the horizon and 
continue to increase the angle of bank. 


quired to prevent the angle of bank from progress- 
he left-turning tendencies, you will need to apply 
during a climbing turn to the right than to 
te of turn. In a left turn, torque contributes to 


Q At 90°, you should be in a level flight attitude, at the maximum angle of bank 
(approximately 30°), and your airspeed should be about 5 to 10 knots above the 
stall speed. Then, slowly begin to roll out of the 30° bank and gradually lower 
the nose for the descending turn as you allow the airspeed to increase. 


ollo lout, the vertical component of lift will increase. As the 
SO you will need to reduce the elevator back 
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SECTION D 


(5) When you reach the 135° reference point, the nose of the airplane should be at 
its lowest pitch attitude. Continue a gradual rollout and allow the airspeed to 
continue to increase, so that you are in a level flight attitude at your entry alti- 
tude and airspeed as you reach 180° of turn. 


At this point you should immediately begin a climbing turn in the opposite 
direction toward the selected reference point to complete the second half of 
the eight in the same manner as the first half. 


I turns is proper airspeed control. Since the power is set 
airspeed by varying the pitch attitude. During the first 90° of 

d should decrease from the entry speed to slightly above 

only if you constantly adjust your pitch attitude throughout 

light pitch attitude at the 90° point, then gradually establish 

o accelerate to the entry speed after 180° of turn. 


~ 


LAZY EIGHTS 


To meet the PTS standards, you should be able to: 


. Exhibit knowledge of the performance factors associated with lazy eights. 

° Select an altitude that will allow the maneuver to be performed no lower than 1,500 
feet AGL (460 meters) or the manufacturer’s recommended altitude, whichever is 
higher. 

° _ Select a prominent 90° landmark in the distance. 

° Establish the recommended entry power and airspeed. 

. Plan and remain oriented while maneuvering the airplane with positive, accurate con- 


troi, and demonstrate mastery of the airplane. 
° Achieve a constant change of pitch, bank, and turn rate. 


. Maintain an altitude and airspeed consistent at the 90° points, +100 feet (30 meters) 
and +10 knots, respectively. 


° Using proper power settings, attain the starting altitude and airspeed at the completion 
of the maneuver, +100 feet (30 meters) and +10 knots, respectively. 


° Achieve a heading tolerance of +10° at each 180° point. 
e Continue the maneuver through at least two 180° circuits and resume straight-and- 
level flight. 
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1. What is the possible cause for reaching the 45° point before the maximum pitch 
angle has been attained? 
2. At the 90° point your airspeed should be 
A. At or above stall speed. 
B. 5 knots to 10 knots above stall speed. 
C. 10 knots to 20 knots above stall speed 


3. True/False. From the 90° reference point to the 135° reference point, you should 
increase elevator back pressure until level flight is achieved. 


4. What is the key to keeping both sides of a lazy eight symmetrical? 
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SECTION E 
EIGHTS-ON-PYLONS 


Eights-on-pylons involve flying a figure eight around two points, or pylons, on the 
ground. In this maneuver, you fly the airplane at an altitude and airspeed that allows you 
to hold a line-of-sight reference point (usually near the wingtip) on the pylon. This ref- 
erence point should appear to pivot about the pylon. A complete maneuver consists of a 
turn in one direction around the first pylon, followed by a turn in the opposite direction 
around the second pylon. The objective of eights-on-pylons is to refine your ability to 
control the airplane at traffic pattern altitude over a varied ground track while dividing 
your attention between instrument indications and visual cues outside the aircraft. To 
accomplish this you should choose a reference point on, or near, the wing tip so your 
line of sight through the reference point is parallel to the lateral axis of the airplane. It is 
important to remember that the reference will vary considerably on different airplanes. 
It may be above the wingtip on a low-wing aircraft, below the wingtip on a high-wing air- 
craft, and ahead of the wingtip on a tapered-wing airplane. 


COMMERCIAL MANEUVERS 


Since you perform this maneuver at a relatively low altitude, select pylons that are in an 
open area and are not near hills or obstructions. Obstruction-induced turbulence, as well 
as updrafts and downdrafts caused by uneven terrain, increase the difficulty of the 
maneuver. Select pylons with approximately the same elevation to avoid the added bur- 
den of adjusting altitude for variations in terrain. The pylons also should be ina line 
which is perpendicular to the wind, and they should be spaced to provide three to five 
seconds of straight-and-level flight between the turns. Carefully select pylons that will 
be visible, clear of obstructions, and properly oriented in relation to the prevailing wind. 
The pylons you select should be in a location which will allow for a safe emergency 
landing. 


As is the case with all training maneuvers, you must be aware of other traffic in the area. 
Before you start the maneuver, make clearing turns to ensure the practice area is free of 
conflicting traffic. Since you are continually changing direction you should keep a look- 
out for other aircraft throughout the maneuver. 
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V Adjust your power to recommended entry airspeed. As you approach the 
pylons, the entry altitude you select should be close to the estimated pivotal 
altitude. 


əy using a simple formula: TAS (in m.p.h.)? + 15 = Pivotal Altitude. 
‘5 m.p.h. (100 knots), your estimated pivotal altitude is 882 feet 
| seldom know the exact TAS, groundspeed, and elevation, you 
altitude by experimenting while flying the maneuver. 


Ə Enter a diagonal between the pylons from the downwind side of the pylons. 


ghest groundspeed and the highest pivotal altitude. As ground- 


Q Maintain straight-and-level flight until you are approximately abeam the first 
pylon, then roll into a 30° to 40° angle of bank. 


EIGHTS-ON-PYLONS SECTION E 


AE A E Oe ne AR PEE EE 
As you proceed around the pylon, if your line-of-sight referene point moves forward of the pylons, your piv- 
otal altitude is too low and you need to climb. Likewise, if your reference point moves aft of the pylon, you 
pa decrease your pivotal altitude. Normally, when flyng into the wind, your groundspeed decreases: 
re, you need to descend. Remember, pivotal altitude increases as groundspeed increases and 


decreases as graündspeed decreases. 


ire ae 


Q Gradually decrease your pivotal altitude and slightly reduce your angle of 


bank as you turn directly into the wind. 


hE OAN ee e 


A descent has a “— T on pivotal altitude. First, it provides the correction needed to hold the 

i Hon, and Peona. the descent increases groundspeed. The reverse is true for climbs. It is important 
fitude changes, rather than rudder pressure, to hold the reference point on the pylon, and 

ia pain nated pues euenout the maneuver. 


o Begin the rollout to straight-and-level flight as you complete the first turn. 
Maintain straight-and-level flight for 3 to 5 seconds and crab into the wind, 
as necessary, to correct for wind draft. 


proper wind drift correction you may fly too close to the pylon to enter the second turn and main- 
k angle between 30° to 40°. 


2 
LIEGE NILE 


Q Initiate a turn in the opposite direction when the pylon is aligned with the 
wing reference point. 


pO, PE POTS Li 


he same steps | in nthe opposite direction around the second pyion. Keep in mind that your line-of- 
e point pay. EER peent on the opposite wing. 


Ost ELSA? Star ban a ae 
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Eights-on-Pyions 


To meet the PTS standards, you should be able to: 


° Exhibit knowledge of the elements related to eights-on-pylons including the relationship of 
groundspeed change to performance of the maneuver. 


° Determine the approximate pivotal altitude. 


° Select suitable pylons, considering emergency landing areas, that will permit 3 to 5 seconds of 
straight-and-level flight between them. 


° Attain proper configuration and airspeed prior to entry. 


° Apply the necessary corrections so that the line-of-sight reference remains on the pylon with 
minimum longitudinal movement. 


° Demonstrate proper orientation, division of attention, and planning. 
e Apply the necessary wind drift correction to track properly between the pylons. 
e Hold pylons using pivotal altitude, avoiding slips and skids. 


QUESTIONS 


1. What is your pivotal altitude if your true airspeed is 120 mph? 
2. Why should you begin eights-on-pylons with a downwind entry? 


3. True/False. You should use altitude changes, rather than rudder pressure, to hold 
the reference point on the pylon. 


4. You should select pylons that provide a suitable emergency landing area and allow 
for 


A. an immediate turn for the next pylon. 


B. 1or 2 seconds of straight-and-level flight. 
C. 3 to 5 seconds of straight-and-level flight between them. 
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CHAPTER 2 


1.66 

2. The gyroscopic flight instruments are the attitude indi- 
cator, heading indicator, and turn coordinator. The 
two principles are rigidity in space and precession. 

3. Attitude indicator 

4. True 

5. The turn coordinator is electrically powered, while 
the attitude indicator and heading indicator are 


vacuum powered. If either the electrical or vacuum 
system fails, you still have bank information. 


(ey, E 


2 Q les) ips 


ails A 
12075 


13. Airspeed indicator, altimeter, and vertical speed indi- 
cator. 


14. B 
13}, AN 
Al}, 1D) 


17. Indicated altitude is higher than true altitude when the 
temperature is lower than standard, resulting in less 
terrain and obstruction clearance during cold weather 
operations. 


SECTION B 


NOAM Pons 
iS] les! tes} fs (esl A 


. With fixation, the scan is completely stopped as you 
stare at a single instrument. With emphasis, the scan 
continues, but one instrument is emphasized at the 
expense of others. 


8. Airspeed, air density, and aircraft weight 
9. A, B,C, G 

AMO), 18}, 18h EY 

(4a, A\,, 10), Jel 

i174, 18}, 1D), Jal 


ANSWERS 


NOTE: THERE ARE NO QUESTIONS FOR CHAPTER 1 — BUILDING PROFESSIONAL EXPERIENCE. 


13. A, C, E, F/G 
14. B 
JUS, AN 
16. B 
178 


18. The primary pitch instrument is the attitude indicator. 
The primary bank instrument is the heading indicator. 


19. The primary bank instrument is the attitude indicator. 
The primary pitch instrument is the altimeter. 


20. Reduce power and level the wings using the attitude 
indicator or the turn coordinator. Gently raise the nose 
to a level pitch attitude using the attitude indicator, or 
by stopping the movement of the altimeter and air- 
speed needles. 


SECTION C 
MB 

eel 

3A 

4. An HSI always provides proper sensing when tuned to 


a VOR because the CDI is mounted on a compass card 
which automatically rotates to the correct heading. 


. False 
. 6 minutes; 10 nautical miles 
. 2/3 nautical mile to the right of the airway (4,000 feet) 


. The 45° index marks on the heading indicator make it 
easy to see when you have established the correct 
intercept heading; similar index marks on the ADF 
show when you have intercepted the bearing. 


9.C 
NOTA 
EPG 
12. False 
13. 130 nautical miles; 18,000 feet to 45,000 feet 
14. True 
15. 4° 
16. False 
17. Inertial navigation system (INS) 
18. True 
19. C 
20. False 
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SECTION A 
1. D 
2. A 
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. Green, Red 
. 3,000 feet 
. It may indicate that ground visibility is less than three 


miles and/or the ceiling is less than 1,000 feet. 


TB 
. The base of Class A airspace is 18,000 feet MSL and 


extends up to and including FL600. 


. 200 knots 

. False 

. 6:00 AM — 11:00 PM (0600 —2300) local time 

. MALSR (medium intensity approach light system with 


runway alignment indicator lights) 


. 234 feet 
. Denver Center 
. 111.5, I-LBF 
.B 

. NOTAM(D) 


information is disseminated for all 
navigational facilities which are part of the U.S. air- 
space system, all public use airports, seaplane bases, 
and heliports listed in the A/FD. NOTAM(L)s are 
distributed locally only and are not attached to the 
hourly weather reports. Information such as taxiway 
closures, personnel and equipment near or crossing 
runways, and airport rotating beacon and lighting aid 
outages is included in NOTAM(L)s. FDC NOTAMs, 
issued by the National Flight Data Center, contain 
regulatory information such as temporary flight 
restrictions or amendments to instrument approach 
procedures and other current aeronautical charts. 


Advisory Circular Checklist (AC-00-2) 


SECTION B 


NO 7 B w 


eA 


The separation of known IFR traffic and the issuance 
of safety alerts 


C 


ANSWERS 


8. When it is apparent that your aircraft is in unsafe prox- 


imity to terrain, obstructions, or other aircraft 


. Clearance delivery 


(@) Q Um T ep) (@) (2 


. False 
. Local airport advisory 


SECTION G 
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25. 


O Npp N 


Controlled 


. The nearest flight service station 
TA 
. True 


‘. . . cleared to the Cheyenne Airport as filed. Climb 
and maintain 8,000. Departure Control frequency is 
120.9. Squawk 5417.” 


S7R C DAL A DR BUJ© M120 RPO 
DP BUJ HDG 210 RV RWYZIR ILS 
FAP CRS IPG RWY3IR 
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SECTION A 


AL. 
2. 
3. 


Runway 27 
B 
275° 
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ke a | 


4. False 


. 124.35 MHz 

B 

. 8,500 feet MSL 
B 

C 

AO}, (C 


SECTION B 
1. False 
. 1/4 statute mile 


CPN p 


. True 

B 

. 550 feet per minute 

030° 

. At or below 9,000 feet MSL 
G 

. At POAKE Intersection 

. False 


. NOS prints IFR departure procedures in the front of 
each Terminal Procedures Publication. 


CANA PB wN 


e e 
e O 


. True 


= 
N 


. False 
aG 


15. You are responsible for your own terrain/obstruction 
clearance until you reach the minimum altitude for 


IFR operations in the area. 
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SECTON A 


1. False 
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16. C 


SECTION B 
1. A 


2. Return to the previous frequency and ask for an alter- 
nate frequency. 


3. No 


. True 


. If radar contact has been lost or radar service 


terminated, the FARs require you to provide ATC with 
position reports over compulsory reporting points. In 
addition, you should report the final approach fix 
inbound on a nonprecision approach and when you 
leave the outer marker inbound on a precision 
approach. A report also is necessary when it becomes 
apparent that an estimated time, that you previously 
submitted to ATC, will be in error in excess of 3 minutes. 


7A 
8. “Minneapolis Center, Aztec 3490R, Dickinson, 30, 


gi 
10. 
Ék 


9,000, ULLIN 45, Bismarck next.” 
17,000 feet MSL 

B 

False 


SECTION C 
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True 
C 


. 200 KIAS 
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SECTION A 


il, 


ONO sf wn 


At WISKE Intersection. 
€ 


. 7000 
. CKB.WISKE1 
. 6,000 feet MSL 


True 
B 


. NOS arrival charts are located in the beginning of each 


booklet. Jeppesen charts are found along with the 
other airport charts in the appropriate binder. 


SECTION B 


1. 


You should obtain weather information as early as 
practical, before reaching the initial approach fix for 
the destination. 


. A descend via clearance authorizes you to follow the 


altitudes published on the STAR procedure. Descent is 
at your discretion; however you must adhere to the 
minimum crossing altitudes and airspeed restrictions 
printed on the chart. 


3.A 
4. False 
5. 24 miles ahead of FREDY Intersection 
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CHAPTER 7 


SECTION A 


1. Initial, intermediate, final, and missed 


22. 


G es a en a pA wn 


. True 


C 


a 120.15 


B 


mls Oc rS MEZ 


. True 


. 840 feet MSL 

. 2 minutes and 44 seconds 
. 1,020 feet MSL 

TG 

. False 

TG 

. True 


. The missed approach icons represent the initial pilot 


actions in the event of a missed approach. They pro- 
vide symbolic information about the initial up and out 
maneuvers only. You must always refer to the missed 
approach instructions in the heading section and the 
plan view graphic for complete information about the 
missed approach procedure. 


B 


SECTION B 


iL 


Procedure title, communication frequencies, primary 
navaid frequency, inbound course, altitude at which 
you will cross the FAF or FAP (nonprecision 
approach) or glide slope intercept altitude (precision 
approach), decision height (precision approach) or 
minimum descent altitude (nonprecision approach), 
airport elevation, touchdown zone elevation, missed 
approach instructions, special notes/procedures 


. True 


. Straight-in landing minimums normally are used 


when the final approach course is positioned within 
30° of the runway and a minimum of maneuvering is 
required to align the airplane with the runway. If the 
final approach course is not properly aligned, or if it is 
desirable to land on a different runway, a circling 
approach may be executed and circle-to-land mini- 
mums apply. In contrast to a straight-in landing, the 
controller terminology, “cleared for straight-in 
approach . . .” means that you should not perform any 
published procedure to reverse your course, but does 
not reference landing minimums. A straight-in 
approach may be initiated from a fix closely aligned 
with the final approach course, may commence from 


ANSWERS 


the completion of a DME arc, or you may receive vec- 
tors to the final approach course. 


4. 139°, 2,000 feet MSL 
ip Jol 
6. If your airplane is only equipped with single receiving 


equipment, a lead radial provides a cue for you to 
change the receiver to the localizer or other facility 
providing course guidance. Lead radials also ensure 
you are within the clearance coverage area of localizer 
facilities before changing frequency or accepting on- 
course indication. 


7. False 
@, € 
9. MDA(H) — 880’(560’), visibility — 1 statute mile 


10. 
il, 
12. 
13. 
14. 
15. 


200 knots IAS 
A 

No 

False 

È 


ATC can initiate a visual approach if the reported ceil- 
ing is at least 1,000 feet AGL and visibility is at least 3 
statute miles. ATC can issue a clearance for a contact 
approach only upon your request when the reported 
ground visibility at the airport is 1 statute mile or 
greater. During a visual approach, you must have the 
airport or preceding aircraft in sight. If you report the 
preceding aircraft in sight, you are responsible for 
maintaining separation from that aircraft and avoiding 
the associated wake turbulence. When executing a 
contact approach you are responsible for your own 
obstruction clearance, but ATC provides separation 
from other IFR or special VFR traffic. Separation from 
normal VFR traffic is not provided. 


CHAPTER 8 


SECTION A 


1. 
. False 
TA 


. You should request a clearance for another approach 


C 


to the same airport or a clearance to your alternate. 
A 


B 


. 2,600 feet MSL 
. False 
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SECTION B 


il. 
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2. © 


3. 
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E. 


. 710 feet to the right of the localizer centerline and 140 


feet above the glide slope 


6. Power 
7. You can identify BEHAN using the 037° radial from 


PWA and the localizer, or the IOKC 11.5 DME fix. 


8. A 
9. You may descend to the LOC (GS out) MDA(H) of 


10. 


ii, 
12 


13- 
14. 
15: 


1,620’(338’). You can identify the missed approach 
point using the 1.8 DME fix from IOKC or by timing 
from TULOO to the MAP. 


You can identify JESKE using the 12 DME fix on the 
263° radial from IRW, the 216° radial from PWA and 
the 263° radial from IRW, or the 156° radial from IFI 
and the 263° radial from IRW. You can expect to use 
either a teardrop or parallel entry into the published 
holding pattern. 

B 

You can identify the FAF using the 085° bearing to the 
LOM, Gally. 

Left 

False 


An LDA has a course width of between 3° and 6°. The 
width of an SDF course is either 6° or 12°. 


SECTION C 


il; 
mue 
. False 
. You can refer to the supplements section of the 


E 


Airplane Flight Manual (AFM). 


. False 


. 2 nautical miles from BERK] inbound on the approach 
T2635 
. False 
. Non-RNAV VOR indicates angular deviation from 


course, with each dot representing a 2° deviation. GPS 
indicates absolute deviation from course, with each 


APPENDIX A 


dot representing 1 n.m. deviation during enroute oper- 
ations. At 30 nautical miles, both VOR and GPS have a 
sensitivity of 5 nautical miles, full scale. The VOR 
becomes proportionately more sensitive as you get 
closer to the station while the GPS sensitivity 
increases to 1 nautical mile, then 0.3 nautical mile as 
you arm an approach, then approach within 2 nautical 
miles of the final approach fix. 


15TA 


CHAPTER 9 


SECTION A 


1. The troposphere. The change of temperature lapse rate 
at the tropopause acts like a lid to trap water vapor and 
associated weather. 
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SECTION B 


1. Unstable air, some type of lifting action, and a rela- 
tively high moisture content 


A 


les] aa a er 


7. True 

8. B 

9. Slow to the airspeed recommended for rough air, such 
as maneuvering or penetration speed, try to maintain a 
level flight attitude, and accept variations in airspeed 
and altitude. 


10. B 
11. After 
12. False 
132 G 
14. B 
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WA 
18. 
1S), 
20. 
Zale 
22 
Z3: 
24. 


TA 


. In humid climates where the bases of convective 
clouds tend to be low, microbursts are associated with 
a visible rainshaft. In drier climates, the higher thun- 
derstorm cloud bases result in the evaporation of the 
rainshaft. The only visible indications under these 
conditions may be virga at the cloud base and a dust 
ring on the ground. 


B 


SECTION C 


‘le 


ol 


POON 


C 
B 
A 


. The actual temperature is 6.7°C and the dewpoint is 


Gale 


. 1086mb (hPa) 


6. True 


7. TEMPO indicates a temporary forecast when wind, 


10. 
ial, 
12: 
13: 
14. 


lS 
16. 


visibility, weather, or sky conditions are expected to 
last less than an hour. 


A 


. The forecast winds will be 200° true at 8 knots with 


visibility greater than 6 statute miles, cloud bases are 
1,200 feet broken, 3,000 feet overcast. Conditions are 
forecast to temporarily change to 2 statute miles visi- 
bility in light rain and overcast skies with a ceiling 800 
feet AGL. 

C 

False 

A 

True 


1,500 feet to 2,500 feet overcast with occasional ceil- 
ings of overcast conditions below 2,000 feet, visibility 
is expected to be below 5 miles in light rain and light 
snow. 


A 


Winds are forecast to be from 250° true at 110 knots; 
temperature at that altitude is forecast to be -15°C. 


SECTION D 


le 
. False 


The wind is from the northwest at 25 knots. 


B 


. 1015.7mb (hPa) 


. A square station model indicates an automated obser- 


vation site. 
A 


TA 


ANSWERS 


8. True 
9. A 


10. 


i- 


12. 
13. 


14. 
15: 
16. 
17e 
18. 
19; 


20. 
21. 
22 
23: 


24. 
25. 


The height of the precipitation in that cell is 22,000 
feet MSL. 

NE indicates there were no echoes detected by the 
radar, and NA indicates that no report was received 
from the radar site. 


B 


A dashed line is used to depict the freezing level at the 
surface. 


@) (@} la les 


B 


The symbol indicates moderate to severe turbulence 
from the surface to 24,000 feet MSL. 


The height of the tropopause is 34,000 feet MSL. 
B 
True 


The forecast is for moderate clear air turbulence 
between 32,000 feet and 42,000 feet. 


C 
270° at 15 knots, 23°C 


SECTION E 
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Ss es ey es 
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CHNAAR YN 


When you request a briefing, identify yourself as a 
pilot, whether you plan to fly VFR or IFR, your aircraft 
number or your name, aircraft type, departure airport, 
route of flight, destination, flight altitude(s), estimated 
time of departure, and estimated time enroute. 


alse: 


CHAPTER 10 


SECTION A 


1 
Oe 
3 
4. 


MAYDAY 
7500 
False 
True 


ANSWERS 


5. To preclude extended IFR operations by these aircraft 


within the ATC system since these operations may 
adversely affect other users of the airspace. 


. You should fly at the highest of the following altitudes: 
the altitude assigned in your last ATC clearance, the 
minimum altitude for IFR operations, or the altitude 
ATC has advised you to expect in a further clearance. 


7. You should fly one of the following routes in the order 


given: the route assigned by ATC in your last clear- 
ance; if being radar vectored, the direct route from the 
point of radio failure to the fix route, or airway speci- 
fied in the radar vector clearance; in the absence of an 
assigned route, the route ATC has advised you to 
expect in a further clearance; or the route filed in your 
flight plan. 


8. Hold until the EFC time, then begin the approach. 
9. Ground-based radar facility and a functioning airborne 


alle 
2 


radio transmitter and receiver 


. Surveillance approach (ASR), precision approach 
radar (PAR), and no-gyro approach 

Precision approach radar (PAR) 

. False 

. Aircraft identification, equipment affected, degree to 


which the equipment impairs your IFR operations, 
and type of assistance desired from ATC 


SECTION B 


1 


NOOR N 


Spatial disorientation, pilot-induced structural failure, 
and controlled flight into terrain. 


. False. 
A 
B 
B 
B 


. Misunderstanding ATC clearances: read back all the 
key elements of the clearance, especially those you do 
not understand; Possessing preconceived notions of 
ATC clearances: be prepared for a different clearance 
from the one you expect. 


. False. 


. Follow weather trends, determine alternate airports, 
calculate the fuel required, and rehearse approach pro- 
cedures. 


JOA 


SECTION C 


1. True 


%2 NODON A UUN 


. False 

C 

. False 

. False 

. FSS Briefing 

. 800 foot ceiling and 2 miles visibility 


. Weather reports and forecasts, your airplane’s capabil- 
ities, and your instrument proficiency 


B 
. At least 30 minutes 


CHAPTER 11 


SECTION A 


Ils 
2; 


10. 
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Fuel is injected into each cylinder’s intake port. 


You should place the auxiliary boost pump switch in 
the high output position. 


. Measuring the density (weight) of fuel instead of its 
volume gives a better indication of the fuel’s available 
energy. 


. False 

. False 

. Waste gate 
A 

. True 


. To prevent engine damage in the event full-power is 
applied during a go-around 
False 


SECTION B 


th, 


oO ol 


2 
3. 
4 


G 
. The inline flow indicator shows green, 
B 


. A safety valve will open when the maximum cabin dif- 
ferential pressure is reached. 

. False 

oe: 

. To prevent the ice from forming to the shape of the 


boots when inflated so a void does not form under the 
ice 


. Check the propeller anti-ice electrical ammeter for 
proper indication. 


SECTION C 


Al. 


6 


2 
3. 
4 


(C 
. True 
B 


. When the throttle is reduced below a certain value, the 
flaps are extended, or the airspeed falls below a preset 
limit, the gear warning horn sounds to warn you that 
the gear is in an unsafe position for landing. 


. You should retract the gear once there is no more run- 
way available for landing in front of the airplane. 


TA 


CHAPTER 12 
SECTION A 


. False 

B 

. False 

. True 

A 

. Maximum level flight speed 


id APPENDIX A 


a 


lic 


Weight 


8. B 


9. True 


10. 
il. 
T2: 
Sh, 
14. 
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16. 


Wis 


B 

True 

Service ceiling 

A 

55 KIAS 

Increase the angle of bank and/or reduce airspeed 


Close the throttle to minimize altitude loss during 
recovery. In addition, engine rotation may cause the 
spin rate to increase, and thrust may cause the spin to 
go flat. In addition, if the spin is in a multi-engine air- 
plane, asymmetrical thrust may aggravate the spin. 


Because the relative wind in a flat spin is nearly 
straight up, the wings remain in a high angle of attack 
or stalled condition. In addition, the upward flow over 
the tail may render the elevators and rudder ineffec- 
tive, making the recovery impossible. 


SECTION B 


1. 11 knots 


= eh ps ph es 
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. False 


A 


. 3,008 feet 
. 2,301 feet 
. True 


B 
B 
A 


-B 

. 188 knots 

. False 

. Approximately 78 m.p.h. or 67 knots 
-A 
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CHAPTER 13 


SECTION A 


il 


Vye: Viz, Vre 


2. True 
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ac 


To allow you to make adjustments for wind and obsta- 
cles during the approach without using extreme 
maneuvers at low altitude. 


B 


. False 


B 


. False 


C 


. True 
10. 


False 


SECTION B 


th, 
2. 


False 


Attend a CRM workshop conducted at a local college 
or flight school; practice inflight scenarios with other 
pilots in a simulator, flight training device, or PCATD; 
examine flight crew scenarios contained in ASRS 
accounts, NTSB reports and other safety-related publi- 
cations 


. Operations specifications (ops specs) are the condi- 


tions under which your company must operate in 
order to retain approval from the FAA. Ops specs 
include information such as the authorized areas of 
operations, aircraft, crew complements, types of 
operations (IFR, VFR, day, night, etc.), and any other 
pertinent information. 


4, B 
5, G 
6. Aircraft systems and equipment, including advanced 


navigation equipment and autopilot; VFR and IFR 
aeronautical charts; crewmembers, including another 
pilot, second officer, or flight attendant; ground per- 
sonnel including company dispatch personnel, main- 
tenance technicians, gate agents, and baggage handlers 


7. True 


. The need of a company agent or ground personnel to 


open a gate for another aircraft; pressure from ATC to 
expedite taxi for takeoff or to meet a restriction in 
clearance time; the pressure to keep on schedule when 
delays have occurred due to maintenance or weather; 
or the inclination to hurry to avoid exceeding duty- 
time regulations 


CHAPTER 14 


SECTION A 


I 


. Accelerate to Vx or Vy and then begin to climb. 


a fs v N 


True 


C 


. False 


. Holding the brakes until you achieve full power 


enables you to determine that the engine is function- 
ing properly before you take off from a field where 
power availability is critical and distance to abort a 
takeoff is limited. 


6. 50 feet 
7. True 


. Steeper 


SECTION B 


1. Slightly decrease the angle of bank first, then increase 
back pressure on the yoke to raise the nose. Once you 
regain your desired altitude, roll back to the desired 
angle of bank. 


Dae 
3. False 
4: 257 


SECTION C 
Ay 
2. False 


3. In a chandelle to the right, the aileron on the right 
wing is lowered slightly during the roll-out. This 
causes more drag on the right wing and tends to make 
the airplane yaw slightly to the right counteracting 
some of the left turning tendency. 


4.C 


SECTION D 


1. A possible cause is an airspeed which is too slow caus- 
ing the rate of turn to increase at a given bank angle. 


20B 
3. False 


4. One of the key factors in making symmetrical turns is 
proper airspeed control. 


SECTIONE 

1. 960 feet 

2. A downwind entry results in the highest ground- 
speed and the highest pivotal altitude at the start of 
the maneuver. 

3. True 


4. C 
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A-10 


AC — advisory circular 

AC — convective outlook 

ACARS — ARINC 
communications addressing and 
reporting system 

AD — airworthiness directive 

ADF — automatic direction finder 


ADIZ — air defense identification 
zone 


ADM — aeronautical decision 
making 

A/FD — Airport/Facility Directory 

AFM — aircraft flight manual 


AFSS — automated flight service 
station 


AGL — above ground level 


AIM — Aeronautical Information 
Manual 


AIREP — pirep from ACARS system 


AIRMET — airman’s 
meteorological information 


ALS — approach light system 


ALSF — ALS with sequenced 
flashers 


AM — amplitude modulation 


AME — aviation medical 
examiner 


APC — approach control 


ARINC — Aeronautical Radio, 
Incorporated 


ARP — airport reference point 
ARSR — air route surveillance radar 


ARTCC — air route traffic control 
center 


ASOS — automated surface 
observation system 


ASR — airport surveillance radar 
ATA — actual time of arrival 
ATC — air traffic control 


ATCRBS — ATC radar beacon 
system 


ATD — along track distance 
ATE — actual time enroute 


ATIS — automatic terminal 
information service 


ATP — airline transport pilot 


AWOS — automated weather 
observation system 


AWW — alert severe weather watch 
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ABBREVIATIONS 


BC — back course 

BCN — beacon 

BHP — brake horsepower 
BRG — bearing 


CAS — calibrated airspeed 
CAT — clear air turbulence 
CDI — course deviation indicator 
CFI — certificated flight instructor 
CFIT — controlled flight into terrain 
CFR — Code of Federal Regulations 
CG — center of gravity 

CH — course heading 

CHT — cylinder head temperature 
CL — center of lift 

C, — coefficient of lift 

CLC — course-line computer 

Cimax — Maximum coefficient of lift 
CLNC — clearance 

CLNC DEL — clearance delivery 
CNF — computer navigation fix 
CO — carbon monoxide 

CO, — carbon dioxide 

COP — changeover point 


CRM — crew resource 
management 


CTAF — common traffic 
advisory frequency 


CVFP — charted visual flight 
procedures 


CWA — center weather advisory 


DA — density altitude 

DA(H) — decision altitude (height) 

DALR — dry adiabatic lapse rate 

DCS — decompression sickness 

DPC — departure control 

DGPS — differential global 
positioning system 

DH — decision height 

DME — distance measuring 
equipment 

DOD — Department of Defense 


DUATS — direct user access 
terminal system 


DVFR — defense visual flight rules 


EAS — equivalent airspeed 


EFAS — enroute flight advisory 
service 


EFC — expect further clearance 
EGT — exhaust gas temperature 
ETA — estimated time of arrival 


ETD — estimated time of 
departure 


ETE — estimated time enroute 


f.p.m. — feet per minute 
FA — area forecast 


FAA — Federal Aviation 
Administration 


FAC — final approach course 
FAF — final approach fix 


FARs — Federal Aviation 
Regulations 


FAWP — final approach waypoint 
FBO — fixed base operator 


FD — winds and temperatures aloft 
forecast 


FDC — Flight Data Center 
FL — flight level 


FLIP — flight information 
publication 


FMS — flight management 
system 


FSDO — Flight Standards District 
Office 


FSS — flight service station 


G — gravity; unit of measure for 
acceleration 


GCA — ground controlled approach 


GLONASS — global navigation 
satellite system 


GNSS — global navigation 
satellite system 


g.p-h. — gallons per hour 

GPS — global positioning system 

GPWS — ground proximity warning 
system 


HAA — height above airport 
HAT — height above touchdown 
HF — high frequency 
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HIRLs — high intensity runway 
lights 


HIWAS — hazardous in-flight 
weather advisory service 


HMR — hazardous materials 
regulations 


hPa — hectoPascals 


HSI — horizontal situation 
indicator 


HVOR — high altitude VOR 
Hz — Hertz 


IAF — initial approach fix 


IAP — instrument approach 
procedure 


IAS — indicated airspeed 


ICAO — International Civil Aviation 
Organization 


IF — intermediate fix 
IFR — instrument flight rules 


ILS — instrument landing 
system 


IM — inner marker 


IMC — instrument meteorological 
conditions 


in. Hg. — inches of mercury 
INS — inertial navigation system 
IR — infrared 


ISA — International Standard 
Atmosphere 


IVSI — instantaneous vertical speed 
indicator 


kg — kilogram 

KCAS — knots calibrated airspeed 
kHz — kilohertz 

KIAS — knots indicated airspeed 
km — kilometer 

KTAS — knots true airspeed 

Kts — knots 

kw — kilowatt 

kwh — kilowatt hour 


L/MF — low/medium frequency 
LAA — local airport advisory 


LAHSO — land and hold short 
operation 


LDA — localizer-type 
directional aid 


L/D max — Maximum lift/drag ratio 


LEMAC — leading edge mean 
aerodynamic chord 


LI — lifted index 
LIRLs — low intensity runway lights 


LLT — low level turbulence 


LLWAS — low level windshear alert 
system 


LMM — middle compass 
locator 


LOC — localizer 

LOFT — line-oriented flight training 
LOM — outer compass locator 
LORAN — long range navigation 
LVOR — low altitude VOR 


M — mach 
MAA — maximum authorized 
altitude 


MAC — mean aerodynamic chord 


MALS — medium intensity approach 
light system 


MALSF — MALS with sequenced 
flashers 


MALSR — MALS with RAIL 


MAHWP — missed approach holding 
waypoint 


MAP — missed approach point 


MAP — manifold absolute 
pressure 


MAWP — missed approach 
waypoint 


mb — millibar 
MB — magnetic bearing 
MC — magnetic course 


MCA — minimum crossing 
altitude 


MDA(H) — minimum descent 
altitude (height) 


MDH — minimum descent height 


MEA — minimum enroute 
altitude 


METAR — aviation routine weather 
report 


MH — magnetic heading 


MHA — minimum holding 
altitude 


MHz — megahertz 
MIA — minimum IFR altitude 


MIRLs — medium intensity 
runway lights 


MLS — microwave landing 
system 


MM — middle marker 
MOA — military operations area 


MOCA — minimum obstruction 
clearance altitude 


MORA — minimum off-route 
altitude 


m.p.h. — miles per hour 


MRA — minimum reception 
altitude 
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MSA — minimum safe altitude 


MSAW — minimum safe altitude 
warning 


MSL — mean sea level 
MTI — moving target indicator 
MTR — military training route 


MVA — minimum vectoring 
altitude 


MVFR — marginal VFR 


NA — not authorized 


NAR — North American Route (also 
refers to North Atlantic Route) 


NAS — national airspace system 


NASA — National Aeronautics and 
Space Administration 


NAVAID — Navigation aid 


NCAR — National Center for 
Atmospheric Research 


NDB — nondirectional radio 
beacon 


n.m. — nautical mile 


NMC — National Meteorological 
Center 


NOAA — National Oceanic and 
Atmospheric Administration 


NoPT — no procedure turn 

NORDO — no radio 

NOS — National Ocean Service 
NOTAM — Notices to Airmen 

NSA — national security area 

NSF — National Science Foundation 


NTSB — National Transportation 
Safety Board 


NWS — National Weather Service 


OBS — omnibearing selector 
OM — outer marker 


OROCA — off-route obstruction 
clearance altitude 


OTS — out of service 


p.s.i. — pounds per square inch 


p.s.i.d. — pounds per square inch 
differential 


PAPI — precision approach path 
indicator 


PAR — precision approach radar 


PCATD — personal computer-based 
aviation training device 


PCL — pilot controlled lighting 
PF — pilot flying 

PNF — pilot not flying 

PIC — pilot in command 


ABBREVIATIONS 


PIREP — pilot weather report 


PLASI — pulsating approach slope 
indicator 


POH — pilot’s operating 
handbook 


PPS — precise positioning 
service 


PRM — precision runway 
monitor 


PT — procedure turn 
PTS — practical test standards 


r.p.m. — revolutions per minute 
RA — resolution advisory 
RAF — Research Aviation Facility 


RAIL — runway alignment 
indicator lights 


RAIM — receiver autonomous 
integrity monitoring 
RB — relative bearing 


RCC — rescue coordination 
center 


RCLS — runway centerline light 
system 


RCO — remote communication 
outlet 


REIL — runway end identifier lights 
RMI — radio magnetic indicator 
RMK — remarks 

RNAV — area navigation 

RRL — runway remaining lights 
RVR — runway visual range 

RVV — runway visibility value 


SALR — saturated adiabatic lapse 
rate 


SALS — short approach light 
system 


SAR — search and rescue 

SD — radar weather report 

SDF — simplified directional facility 
SFL — sequenced flashing lights 


SIAP — standard instrument 
approach procedure 


SID — standard instrument 
departure 


SIGMET — significant 
meteorological information 


SLP — sea level pressure 
s.m. — satute mile 


SPECI — non-routine (special) 
aviation weather report 

SPS — standard positioning 
service 


SSALS — simplified SALS 


SSALSF — SALS with SFL 
SSALSR — SALS with RAIL 
SSV — standard service volume 


STAR — standard terminal arrival 
route 


SVFR — special visual flight rules 


TA — traffic advisory 


TACAN — tactical air 
navigation 


TAF — terminal aerodrome 
forecast 


TAS — true airspeed 
TC — true course 


TCAD — traffic alert and 
collision avoidance device 


TCAS — traffic alert and 
collision avoidance system 


TCH — threshold crossing height 
TCU — towering cumulonimbus 


TDWR — terminal Doppler weather 
radar 


TDZE — touchdown zone 
elevation 


TDZL — touchdown zone lighting 
TEC — tower enroute control 


TEMAC — trailing edge mean 
aerodynamic chord 


TERPS — U.S. Standard for 
Terminal Instrument Procedures 


TH — true heading 


TIBS — telephone information 
briefing service 


TIT — turbine inlet temperature 


TRSA — terminal radar 
service area 


TSO — technical standard order 
TVOR — terminal VOR 


TWEB — transcribed weather 
broadcast 


UA — pilot report 

UCAR — University Corporation for 
Atmospheric Research 

UHF — ultra high frequency 


UNICOM — aeronautical 
advisory station 


UTC — Coordinated Universal Time 
(Zulu time) 


UUA — urgent pilot report 


V, — takeoff decision speed 
V, — takeoff safety speed 
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Va — design maneuvering speed 
VAFTAD — volcanic ash 


forecast transport and 
dispersion chart 


VASI — visual approach slope 
indicator 


VDP — visual descent point 


Vre — maximum flap extended 
speed 


VFR — visual flight rules 
VHF — very high frequency 


Vie — maximum landing gear 
extended speed 


Vio — maximum landing gear 
operating speed 

VMC — visual meteorological 
conditions 

Vne — never-exceed speed 


Vno — Maximum structural cruising 
speed 


VOR — VHF omnirange station 


VOR/DME — collocated VOR and 
DME 


VORTAC — collocated VOR and 
TACAN 


VOT — VOR test facility 
Vr — rotation speed 
VSI — vertical speed indicator 


Vso — stalling speed or minimum 
steady flight speed in the 
landing configuration 


Vs; — stalling speed or 
minimum steady flight speed 
obtained ina 
specified configuration 


Vx— best angle of climb speed 
Vy — best rate of climb speed 


WA — AIRMET 


WAAS — wide area augmentation 
system 


WAC — world aeronautical chart 
WCA — wind correction angle 
WFO — Weather Forecast Office 
WH — hurricane advisory 

WPT — waypoint 

WS — SIGMET 


WSP — weather systems 
processor 


WST — Convective SIGMET 


WW — severe weather watch 
bulletin 


WX — weather 


Z — Zulu time (UTC) 


. APPENDIX B ABBREVIATIONS 


Abbreviated IFR departure clearance, 
3-09 
Absolute altitude, 2-20 
Absolute ceiling, 12-32 
Acceleration 
error, 2-15 
G-force, 12-21 
load factor, 12-21 
Accuracy check, VOR, 2-76 
ADF, see Automatic Direction Finder 
Adiabatic cooling, 9-10 
Adiabatic lapse rate, 9-11 
Adverse yaw, 12-36 
Advisory Circulars (ACs), 3-32 
Aeronautical decision making (ADM), 
12310 1532 
Aeronautical Information Manual 
(AIM), 3-30 
Air defense identification zone 
(ADIZ), 3-27 
Air Route Traffic Control Center 
(ARTCC), 3-41 
center weather advisory, 3-45 
emergency assistance, 3-46 
IFR flight plan, 3-42 
pilot responsibilites, 3-44 
safety alerts, 3-45 
sectors, 3-41 
traffic separation, 3-44 
weather information, 3-44 
Air Traffic Control (ATC), 3-41 
air route traffic control center, 3-41 
approach control, 3-48 
clearance delivery, 3-46 
control tower, 3-47 
departure control, 3-48 
enroute facilities, 3-41 
terminal facilities, 3-46 
traffic advisories, 3-49 
Airborne weather radar, 9-35, 9-116 
Aircraft approach categories, 7-16 
Aircraft equipment code, 10-52 
Airline transport pilot (ATP), 1-25 
Airmass, 9-16 
AIRMET (WA), 9-108 
Airplane 
complex, 1-21 
high performance, 1-21 
Airplane flight manual (AFM), 12-53 
Airport, 5-16 
alternate, 10-42 
approach light system, 3-9 
beacon, 3-15 
diagram, 8-4 
elevation, 7-12 
hold lines, 3-4 
lighting systems, 3-9 
nonprecision runway, 3-3 
precision runway, 3-4 
reference point (ARP), 7-21 
runway incursion avoidance, 3-7 
runway markings, 3-2 
signs, 3-6 
surveillance radar, 10-9 
taxiway markings, 3-4 


visual runway, 3-2 
Airport Chart, 7-20, 7-27 
additional runway information, 
7-21 
heading section, 7-20 
plan view, 7-21 
takeoff and alternate minimums. 
4-13 
Airport/Facility Directory (A/FD), 3-30 
Airspace, 5-17 
controlled, 3-16 
diagram, 3-17 
other airspace areas, 3-27 
special use, 3-26, 5-32 
uncontrolled, 3-25 
Airspeed, 6-12 
best angle of climb (Vx), 12-32, 14-6 
best rate-of-climb (Vy), 12-32, 
12-56, 14-6 
changes, 2-35 
indicated, 2-16 
true. 2-17 
Airspeed Indicator, 2-16 
check, 2-18 
errors, 2-16 
malfunctions, 2-24 
primary power instrument, 2-35 
Airways, 3-23, 5-3, 5-6 
Alcohol, 1-31, 1-56 
Alert area, 3-26 
Alert severe weather watch (AWW), 
9-76 
Along track distance (ATD), 8-62 
Altimeter, 2-18 
check, 2-21 
malfunctions, 2-24 
primary pitch instrument, 2-33, 
223072239 
setting, 2-20 
system check, 2-2 
temperature effect, 2-20 
Altitude, 6-12 
absolute, 2-20 
density, 2-19 
IFR cruising, 5-32 
indicated, 2-19 
maximum authorized, 5-9 
minimum crossing, 5-10, 6-9 
minimum enroute, 5-8 
minimum obstruction clearance, 
5-8, 8-5 
minimum reception, 5-10 
minimum safe, 7-7 
minimum vectoring, 7-44 
pressure, 2-19 
true, 2-19 
Ammeter check, 2-11 
Annunciators, GPS, 8-60 
Approach, 7-2 
category, 7-16 
circling approach clearance, 3-62 
clearance, 3-62, 7-38 
contact approach, 3-62 
control, 3-48 
design, 8-56 


GPS, 8-56 
ILS, 8-22 
ILS/DME, 8-38 
NDB, 8-13 
non-precision, 7-2 
precision, 7-2 
segments, 7-2 
speed, 7-16 
visual approach, 3-63 
VOR/DME, 8-12 
VOR/DME RNAV, 8-71 
Approach briefing, 13-19 
Approach chart review, 7-37, 8-3, 
8-10, 8-14 
Approach Charts, 7-2 
briefing strip, 7-24, 8-14 
feeder route, 7-2 
heading section, 7-7, 7-24 
landing minimums, 7-15, 7-27 
plan view, 7-9, 7-25 
profile view, 7-12, 7-25 
Approach light system (ALS), 3-9 
Approach Procedures, 7-2, 7-36 
approach chart review, 7-37 
ATC radar, 7-42 
charted visual flight procedure, 
7-56 
circling approach, 7-50 
clearance, 7-38 
contact approach, 7-56 
course reversal, 7-44 
emergency, 10-9 
feeder route, 7-38 
landing illusions, 7-48 
minimum vectoring altitude, 7-44 
missed approach, 7-54 
radar vectors, 7-42 
sidestep maneuver, 7-53 
straight-in approach, 7-40 
timed approaches from a holding 
fix, 7-46 
VASI, 7-48 
visual approach, 7-56 
Approach Segments, 7-2 
final, 7-5, 8-7, 8-17 
final approach fix (FAF), 7-5 
final approach point (FAP), 7-5 
initial, 7-3 
initial approach fix (IAF), 7-3 
intermediate, 7-4 
intermediate fix (IF), 7-4 
missed, 7-5 
missed approach point (MAP), 7-5 
Arc, DME, 2-73 
Area charts, 5-19 
Area Navigation (RNAV), 2-78 
VOR, 2-78 
waypoint, 2-78 
ARTCC, see Air Route Traffic Control 
Center 
Artificial horizon, see Attitude 
indicator 
Aspect ratio, 12-11 
Asymmetric thrust, 12-19 
Asymmetrical flap extension, 13-10 


ATC, see Air Traffic Control 
ATIS, 3-46, 6-10 
ATP, 1-25 
Attitude Indicator 
errors, 2-6 
failure, 2-46 
horizon reference, 2-28 
miniature aircraft alignment, 2-33 
operation, 2-5 
supporting bank instrument, 2-36 
supporting instrument, 2-32 
tumbling, 2-7 
Attitude Instrument Flying, 2-28 
control and performance concept, 
2-54 
primary support concept, 2-28 
Auto sequencing, GPS, 2-84 
Automated surface observation 
system (ASOS), 9-114 
Automated weather observing 
system (AWOS), 9-115 
Automatic Direction Finder (ADF), 
2-68 
homing, 2-71 
intercepting a bearing, 2-70 
moveable card, 2-68 
station passage, 2-72 
tracking, 2-70 
wind correction, 2-70 
Automatic terminal information 
service (ATIS), 3-46, 6-10 
Automation, cockpit, 2-84 
Aviation area forecast (FA), 9-71 
Aviation routine weather report 
(METAR), 9-58 
Bank angle, 2-36 
Bank Control 
straight-and-level flight, 2-34 
turns, 2-36 
Bank instruments, 2-31 
Basic radar service, 3-48 
Basic T approach design, 8-56 
Bearing to/from station, 2-69 
Before landing checklist, 8-6 
Bernoulli’s equation, 12-4 
Best angle of climb airspeed (Vx), 
12-32, 14-6 
Best glide airspeed, 13-5 
Best performance airspeed, 13-10 
Best rate-of-climb airspeed (Vy), 
12-32, 12-56, 14-6 
Braking effectiveness, 12-52 
Briefing strip chart, 7-24, 8-14 
Cabin Pressurization System, 11-30 
cabin pressure control, 11-33 
decompression, 11-35 
differential pressure, 11-31 
differential pressure indicator, 
11-32 
differential range, 11-33 
dump valve, 11-35 
isobaric range, 11-33 
outflow valve, 11-32 
pressure altitude, 11-31 
rate-of-climb indicator, 11-32 
safety/dump valve, 11-32 
Carbon dioxide (CO,) pressurized 
gear system, 11-52 
CAT I, II, and III ILS, 8-22 
CAT, 9-38 
CDI sensitivity, 8-26 
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Center of Gravity 
limits, 12-75 
stability, 12-27 
stalls, 12-37 
Center weather advisory (CWA), 
3-45, 9-111 
Certificated flight instructor (CFI), 
IAS 
CFIT, 1-31, 1-41, 10-17, 10-29, 13-27 
Challenge-response method, 13-20 
Chandelle, 14-14 
Changeover point (COP), 5-12 
Charted visual flight procedure 
(CVFP), 7-56 
Checklist 
before landing, 8-6 
personal minimums, 10-20 
Checkpoints, VOR, 2-76 
Circling approach, 3-62, 7-15, 7-50 
Circulation 
atmospheric, 9-3 
clockwise, 9-5 
convective, 9-6 
counterclockwise, 9-5 
cyclonic, 9-5 
Cirrus clouds, 9-15 
Class A airspace, 3-20 
Class B airspace, 3-20 
Class C airspace, 3-21 
Class D airspace, 3-22 
Class E airspace, 3-23 
Class G airspace, 3-25 
Clear air turbulence (CAT), 9-38 
Clear ice, 9-50 
Clearance, 3-54 
abbreviated IFR departure, 3-59 
alternate, 8-8 
altitude data, 3-58 
approach clearance, 3-62 
clearance limit, 3-57 
clearance void time, 3-65 
cruise, 3-58 
delivery, 3-46 
departure restrictions, 3-64 
elements, 3-57 
holding instructions, 3-59 
limit, 5-49 
pilot responsibilities, 3-54 
readback, 3-65 
release time, 3-65 
requirements, 3-56 
route of flight, 3-57 
shorthand, 3-65 
tower enroute control, 3-64 
vectors for approach, 7-43, 8-16 
VFR on top, 3-60 
VFR restrictions, 3-63 
Clearance void time, 3-65 
Climb, 12-31, 2-41 
absolute ceiling, 12-32 
constant airspeed, 2-41 
constant rate, 2-42 
leveloff, 2-44 
partial panel, 2-50 
performance, 12-56 
performance factors, 12-32 
service ceiling, 12-32 
Clouds, 9-13 
altostratus, 9-15 
cap, 9-41 
cirrocumulus, 9-15 


cirrostratus, 9-15 
cirrus, 9-15 
cumulonimbus, 9-16 
cumulus, 9-14 
fog, 9-14 
funnel, 9-33 
high, 9-15 
lenticular, 9-41 
low, 9-14 
middle, 9-15 
nimbostratus, 9-14 
roll, 9-31, 9-41 
rotor, 9-41 
stratocumulus, 9-14 
stratus, 9-14 
towering cumulus, 9-16 
Cockpit automation, 2-84 
Col, 9-4 
Cold front occlusion, 9-21 
Cold Fronts, 9-19 
Cold weather operations, 9-53 
Commercial Decision Making, 13-14 
Commercial Maneuvers 
chandelles, 14-14 
eights-on-pylons, 14-21 
lazy eights, 14-17 
short-field approach and landing, 
14-8 
short-field takeoff and climb, 14-6 
soft-field approach and landing, 
14-4 
soft-field takeoff and climb, 14-2 
steep turns, 14-11 
Commercial operations, 13-14 
Commercial Privileges, 1-22 
Communication, 1-31, 1-38, 10-22, 
ANSI), IMA, BRCAS. 
barriers, 13-20 
challenge-response method, 13-20 
failure, 10-5 
Compass Card, 2-69 
Compass locator, 2-68, 8-28 
Compass, see Magnetic Compass 
Complex airplane, 1-21 
Composite flight plan, 3-63 
Compressibility, 2-17 
Compulsory reporting point, 5-8, 5-27 
Condensation, 9-7 
latent heat, 9-10 
level, 9-12 
nuclei, 9-13 
Cone of confusion, 2-67 
Constant pressure analysis chart, 9-89 
Constant-Speed Propeller, 11-14 
control, 11-18 
governing range, 11-17 
Contact approach, 3-62, 7-56 
Control and performance, 2-56 
Control instruments, 2-56 
Control pressure, 2-31 
Control tower, 3-47 
Controlled airspace, 3-16 
Controlled firing area, 3-26 
Controlled flight into terrain (CFIT), 
1-31, 1-41, 10-17, 10-29, 13-27 
Convective outlook (AC), 9-75 
Convective SIGMET (WST), 9-109 
Coriolis force, 9-5 
Course line computer (CLC), 8-71 
Course reversal, 7-44 


Crew resource management (CRM), 
ESN 1-345 13-17 
Crosswind Component, 12-50 
Cruise clearance, 3-58 
Cruise performance, 12-59 
Cumulonimbus clouds. 9-16 
Cyclogenesis, 9-22 
Cylinder head temperature gauge 
(CHT), 11-8 
Database, GPS, 8-60 
Datum plane, 2-19 
Decision altitude (height) DA(H), 7-16 
Decision height (DH), 7-6, 7-16 
Decision-making process, 13-15 
Decompression sickness (DCS), 1-31, 
1-50 
Demarcation bar, 3-5 
Density altitude, 12-47, 2-19 
Departure briefing, 13-19 
Departure charts, 4-2 
Departure control, 3-48 
Deposition, 9-7 
Descents, 2-43 
clearance, 5-34 
constant airspeed, 2-43 
constant rate. 2-43 
leveloff, 2-44 
partial panel, 2-50 
Design maneuvering speed (Va), 2-18 
Detonation, 11-9 
Deviation, magnetic, 2-13 
Dew, 9-8 
Dewpoint, 9-8 
Differential GPS (DGPS), 2-84 
Dihedral. 12-27 
Dip, magnetic compass, 2-13 
Direct user access terminal system 
(DUATS), 9-106 
Directional stability, 12-29 
Disorientation, 1-31, 1-42 
kinesthetic sense, 1-31, 1-42 
motion sickness, 1-31, 1-46 
spatial, 1-31, 1-44 
vestibular, 1-31, 1-45 
Displaced Threshold, 3-5 
Distance Measuring Equipment 
(DME), 2-72, 8-8, 8-29 
arc, 2-73, 2-84, 8-8 
frequency pairing, 2-72 
groundspeed indication, 2-72 
slant-range error, 2-73 
Distress, 10-2 
DME arc, 2-73, 2-84, 8-8 
Doolittle, Jimmy, 1-4, 1-8 
Drag, 12-9 
form, 12-13 
induced, 12-9 
interference, 12-14 
parasite, 12-13 
propeller, 12-17 
skin friction, 12-15 
spoilers, 12-17 
total, 12-15 
Drift correction, 2-64, 5-42 
Drugs, 1-31, 1-56 
Dry adiabatic lapse rate (DALR), 9-11 
Dutch roll, 12-30 
Dynamic stability, 12-24 
Eights-on-pylons, 14-21 
Electrohydraulic landing gear 
system, 11-46 


Emergencies, IFR, 10-2 
communication failure, 10-5 
declaring, 10-2 
distress, 10-2 
emergency approach procedures, 

10-9 
gyroscopic instrument failure, 10-4 
malfunction report, 10-11 
minimum fuel, 10-4 
urgency, 10-2 

Emergency 
approach and landing, 13-4 
approach procedures, 10-9 
code 7500, 10-4 
code 7600, 10-6 
code 7700, 10-3 
descent, 13-2 
equipment and survival gear, 13-11 
MAYDAY, 10-3 


PAN-PAN, 10-3 
procedures, 13-2 
VFR, 13-2 


Enroute Charts 
changeover point, 5-12 
front panel, 5-5 
high altitude, 5-3 
intersections, 5-7 
low altitude, 5-3 
maximum authorized altitude 
(MAA), 5-9 
mileage break point, 5-7 
minimum crossing altitude (MCA), 
5-10 
minimum enroute altitude (MEA), 
5-8 
minimum obstruction clearance 
altitude (MOCA), 5-8 
minimum reception altitude 
(MRA), 5-10 
remote communication outlet 
(RCO), 5-13 
reporting point, 5-8 
Enroute flight advisory service 
(EFAS), 9-110 
Enroute Procedures 
communication, 5-25 
descent clearance, 5-34 
GPS, 5-29 
radar, 5-25 
reporting, 5-27 
special use airspace, 5-32 
Equivalent airspeed, 2-17 
Evaporation, 9-7 
latent heat, 9-10 
Exhaust gas temperature gauge 
(EGT), 11-8 
Expect further clearance (EFC) time, 
3-57, 5-49 
FAF, 7-5 
FAP, 7-5 
Fatigue, 1-31, 1-55 
Federal low altitude airway, 3-23 
Teeder route, 7-2, 7-38 
Final approach fix (FAF), 7-5 
Final approach point (FAP), 7-5 
Final approach segment, 8-7, 8-17 
Final approach waypoint (FAWP), 
8-60 
Flaps, 12-7 
leading edge, 12-8 
trailing edge, 12-7 
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Flight information, 3-29 
Flight instruments, 2-2 
Flight level (FL), 3-20, 5-33 
Flight overview, 10-36 
Flight training device, 1-13 
Flight operations manual, 13-18 
Flight Plan 
composite, 3-63 
processing, 3-42 
Flight service station (FSS), 3-50, 
9-104, 9-111 
Flight Watch, 9-110 
Fog, 9-14, 9-47, 9-48 
Forecast winds and temperatures aloft 
chart (FD), 9-96 
Form drag, 12-13 
Freezing level forecast, 9-94 
Freezing rain, 9-9 
Frequency pairing, 2-72 
Friction, surface, 9-6 
Frontal cyclone, 9-22 
Frontal inversion, 9-12 
Frontal wave, 9-22 
Fronts, 9-18 
cold, 9-19 
frontal thunderstorm, 9-33 
gust, 9-31 
occluded, 9-21 
stationary, 9-21 
turbulence, 9-37 
warm, 9-20 
Frost, 9-8, 9-52 
Fuel Injection System, 11-3 
alternate air source, 11-11 
starting, 11-5 
vapor lock, 11-6 
Fuel Mixture 
best economy, 11-8 
best power, 11-8 
Fuel System 
auxiliary fuel pump, 11-4 
fuel flow indicator, 11-4 
G-force, 12-21 
Gear position indicators, 11-47 
Gear warning horn, 11-47 
Gimbals, 2-4 
Glide 
maximum, 12-33 
range, 12-15 
ratio, 12-66 
Glide slope, 7-5, 8-26 
Global Positioning System (GPS), 
227978295 
accuracy, 2-79 
along track distance, 8-62 
annunciators, 8-60 
approach equipment 
requirements, 8-58 
approach RAIM, 8-59 
bank angle/turn rate, 8-62 
CDI sensitivity, 8-60 
course deviation indications, 2-83 
course selection, 2-84 
database, 8-60 
differential, 2-84 
distance information, 8-61 
DME arc, 2-84 
enroute, 5-29 
entering routes, 2-83 
final approach waypoint, 8-60 
heading information, 8-62 


hold mode, 8-62 
holding, 8-66 
IFR requirements, 2-81 
missed approach holding 
waypoint, 8-63 
missed approach routing, 8-63 
missed approach waypoint, 8-60 
overlay approach, 8-56, 8-63 
procedure turn, 8-65 
radar vectors, 8-69 
receiver autonomous integrity 
monitoring (RAIM), 2-79 
sensor FAF, 8-60 
stand alone approach, 8-58, 8-66 
waypoint sequencing, 8-62 
GPS, see Global Positioning System 
Ground effect, 12-13 
Ground proximity warning system 
(GPWS), 1-39 
Gyroscopic instrument failure, 10-4 
Gyroscopic principles, 2-3 
Hail, 9-9, 9-33 
Hand crank gear system, 11-52 
Hand pump hydraulic gear system, 
11-52 
Hazardous attitudes, 1-31, 1-36 
Hazardous in-flight weather advisory 
service (HIWAS), 9-112 
Haze, 9-48 
Heading Indicator, 2-7 
failure, 2-47 
primary bank instrument, 2-34 
Height above airport (HAA), 7-12 
Height above touchdown (HAT), 7-12 
High altitude training, 1-31, 1-50 
High altitude VOR (HVOR), 2-75 
High altitude weather, 9-25 
High lift devices, 12-7 
High performance airplane, 1-21 
Histotoxic hypoxia, 1-31, 1-49 
Hold for release, 3-65 
Hold lines, 3-4 
Holding Pattern, 5-39 
clearance, 5-49 
direct entry, 5-46 
DME, 5-42 
drift correction, 5-42 
expect further clearance (EFC) 
time, 5-49 
holding fix, 5-40 
holding side, 5-40 
inbound leg, 5-40 
maximum speed, 5-44 
nonstandard, 5-40 
parallel entry, 5-47 
standard, 5-40 
teardrop entry, 5-47 
timing, 5-40 
Homing, 2-71 
Horizontal situation indicator (HSI), 
2-61 
Human Factors 
aeronautical decision making, 
1-31, 1-32 
communication, 1-31, 1-38, 10-22, 
13-19 
crew resource management, 1-31, 
1-34, 13-17 
physiology, 1-31, 1-41 
pilot-in-command responsibility, 
1-31, 1-35, 10-19, 13-18 
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resource use, 1-31, 1-38, 10-23, 


13-23 

situational awareness, 1-31, 1-40, 
10-27, 13-27 

workload management, 1-31, 1-40, 
10-24, 13-24 


Humidity, 12-49, 9-8 
Hurricane advisory (WH), 9-75 
Hydraulic landing gear system, 11-46 
Hydroplaning, 12-52, 9-53 
Hyperventilation, 1-31, 1-52 
Hypoxia, 1-31, 1-46 
histotoxic, 1-31, 1-49 
hypemic, 1-31, 1-48 
hypoxic, 1-31, 1-47 
prevention, 1-31, 1-49 
stagnant, 1-31, 1-49 
supplemental oxygen, 1-31, 1-50 
time of useful consciousness, 1-31, 
1-48 
I’m Safe Checklist, 1-31, 1-56 
IAF, 7-3 
Ice pellets, 9-9 
Ice Control System, 11-36 
anti-icing, 11-36 
de-icing, 11-36 
de-icing boot, 11-37 
propeller anti-ice, 11-40 
thermal anti-ice, 11-38 
windshield anti-ice, 11-39 
Icing, 9-49, 9-50, 9-51 
IFR cruising altitudes, 5-32 
IFR flight plan requirements, 3-56 
IFR, see Instrument Flight Rules 
IMC, see Instrument meteorological 
conditions 
In-flight fire, 13-9 
In-Flight Weather Advisories 
AIRMET, 9-108 
convective SIGMET, 9-109 
SIGMET, 9-108 
Inclinometer, 2-9 
Indicated airspeed (IAS), 2-16 
Indicated altitude, 2-19 
Induced drag, 12-9 
Induction icing, 9-49 
Inertial navigation system (INS), 2-79 
Initial approach fix (IAF), 7-3 
Inoperative components, 8-29 
Instrument Approach Procedure 
(IAP), 7-2 
Instrument Charts 
approach, 7-2 
obtaining, 4-2 
Instrument Failure, 2-46 
attitude indicator, 2-46 
gyroscopic, 2-47 
heading indicator, 2-47 
identifying, 2-46 
pitot-static, 2-51 
Instrument Flight Rules (IFR), 1-11 
departure procedures, 4-17 
Instrument Landing System (ILS), 
8-22 
approaches to parallel runways, 
8-41 
categories, 8-22 
CDI sensitivity, 8-26 
compass locator, 8-28 
components, 8-23 
course reversal ILS approach, 8-35 


DME, 8-29 
flying the ILS, 8-30 
glide slope, 8-26 
ILS/DME approach, 8-38 
inner marker (IM), 8-28 
inoperative components, 8-29 
localizer, 8-24 
localizer approach, 8-45 
marker beacon receiver, 8-28 
middle compass locator (LMM), 
8-29 
middle marker (MM), 8-28 
missed approach, 8-32 
outer compass locator (LOM), 8-28 
outer marker (OM), 8-28 
parallel (dependent) ILS approach, 
8-41 
precision runway monitor (PRM), 
8-43 
radar vectors to ILS final, 8-39 
reverse sensing, 8-24 
simultaneous (independent) 
parallel ILS approach, 8-42 
simultaneous close parallel ILS 
approach, 8-43 
simultaneous converging 
instrument approach, 8-44 
straight-in (NoPT) ILS approach, 
8-33 
visual information, 8-29 
Instrument meteorological conditions 
(IMC), 1-11 
Instrument proficiency check, 1-16 
Instrument rating, 1-12 
Instrument training, 1-12 
Instruments 
airspeed indicator, 2-16 
altimeter, 2-18, 2-33 
attitude indicator, 2-5 
check, 2-10 
control, 2-56 
cross-check, 2-28 
FAR requirements, 2-2 
heading indicator, 2-7 
horizontal situation indicator, 2-61 
interpretation, 2-30 
pitot-static, 2-15 
primary, 2-31 
supporting, 2-32 
tachometer, 2-45 
turn coordinator, 2-9 
turn-and-slip indicator, 2-9 
vertical speed indicator, 2-21 
Intercepting a bearing, 2-70 
Intercepting a radial, 2-64 
Interference drag, 12-14 
Intermediate fix (IF), 7-4 
International Civil Aviation 
Organization (ICAO), 3-6 
International Flight Information 
Manual, 3-32 
International Space Station (ISS), 
Ton Wess} 
International Standard Atmosphere 
(ISA), 2-20 
Internet weather, 9-107 
Interpolation, 12-54 
Intersections, identifying, 2-64 
Inversions, 9-12 
Isobars, 9-4 
Isohume, 9-89 


Isopleth, 9-89 
Isotachs, 9-91 
Jeppesen Information Services 
AIM, 3-33 
Airport Directory, 3-33 
FARs, 3-33 
GPS/LORAN Coordinate 
Directory, 3-34 
JeppGuide, 3-34 
Jet stream, 9-25, 9-39 
Key position, 13-9 
Kinesthetic sense, 1-31, 1-42 
Land and Hold Short Operations 
(LAHSO), 3-8 
available landing distance (ALD), 
3-8 
Land breeze. 9-6 
Landing distance, 12-64 
Landing Gear Systems, 11-44 
carbon dioxide, 11-52 
electrical, 11-44 
electrohydraulic, 11-46 
emergency, 11-52 
freefall, 11-52 
hydraulic, 11-46 
malfunction, 11-51 
safety, 11-47 
Landing illusions, 7-48 
Landing minimums, 7-15 
Lapse rate, 9-3 
Latent heat, 9-10 
Lateral stability, 12-27 
Lazy eights, 14-17 
Leading edge devices, 12-8 
Leading edge flaps, 12-8 
Lenticular cloud, 9-41 
Lift, 12-3 
Bernoulli’s equation, 12-4 
equation, 12-4 
flaps, 12-7 
leading edge devices, 12-8 
leading edge flaps, 12-8 
Newton’s laws of motion, 12-3 
slats, 12-8 
slots, 12-8 
Lightning, 9-33 
Link trainer, 1-4 
Load Factor, 12-21 
stalls, 12-36 
turns, 12-34 
Load manifest, 13-25 
Local airport advisory (LAA), 3-27, 
3-50 
Localizer, 8-24 
approach, 8-45 
back course approach, 8-45 
symbol, 5-6 
Localizer-type directional aid (LDA) 
approach, 8-47 
Long range navigation (LORAN), 2-79 
Longitudinal stability, 12-25 
LORAN-C, 2-79 
Low altitude VOR (LVOR), 2-75 
Low visibility, 9-46 
Low-level significant weather prog 
chart, 9-92 
Low-level wind shear alert system 
(LLWAS), 9-45 
Low/medium frequency radio waves, 
25/6 
Mach, 2-17 


Magnetic bearing, 2-68 
Magnetic Compass, 2-12 
acceleration error, 2-15 
correction card, 2-13 
deviation, 2-13 
errors, 2-12 
magnetic dip, 2-13 
turning error, 2-14 
variation, 2-12 
Malfunction report, 10-11 
Maneuvering speed (V4), 12-22, 2-18 
Manifold Pressure Gauge, 11-11, 2-45 
manifold absolute pressure (MAP), 
11-11 
MAP, 7-5 
Marker beacons, 8-28 
Maximum authorized altitude (MAA), 
5-9 
Maximum glide distance, 13-5 
Maximum landing gear extended 
speed (Vie), 11-49 
Maximum landing gear operating 
speed (Vio), 11-49 
Maximum level flight speed, 12-19 
Maximum range, 12-16 
MEA, 8-5 
Mesosphere, 9-3 
METAR, 9-58 
Microburst, 9-43 
Microwave landing system (MLS) 
approach, 8-48 
Mileage break point, 5-7 
Military operations area (MOA), 3-26 
Military training route (MTR), 3-27 
Minimum climb gradient, SID, 4-4 
Minimum crossing altitude (MCA). 
5-10, 6-9 
Minimum descent altitude (height) 
MDA(H), 7-17 
Minimum descent altitude (MDA), 
7-17 
Minimum enroute altitude (MEA), 5-8 
Minimum fuel, 10-4 
Minimum obstruction clearance 
altitude (MOCA), 5-8, 8-5 
Minimum reception altitude (MRA), 
5-10 
Minimum safe altitude (MSA), 7-7 
Minimum vectoring altitude (MVA), 
7-44 
Missed approach, 7-54, 8-8, 8-12, 
8-17, 8-35, 8-38, 8-66 
Missed approach holding waypoint 
(MAHWP), 8-63 
Missed approach point (MAP), 7-5 
Missed approach waypoint (MAWP), 
8-60 
Motion sickness, 1-31, 1-46 
Mountain wave, 9-41 
Movable card ADF, 2-68 
Movement area, 3-47 
MSA, 7-7 
Multi-engine rating, 1-25 
National security area (NSA), 3-27 
Navigation, 2-60 
Navigation database, GPS, 8-60 
Navigation log, 10-52 
NDB 
approach, 8-13 
symbol, 5-6 
types of, 2-76 
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Newton's laws of motion, 12-3 
NEXRAD, 9-113 
No-gyro approach, 10-11 
No-gyro vector, 10-11 
Noncompulsory reporting point, 5-8 
Nonprecision approach, 7-2 
Nonstandard alternate minimums, 
7-22 
Nonstandard holding pattern, 5-40 
Nonstandard takeoff minimums, 7-23 
Northerly turning error, 2-14 
Notices to Airmen (NOTAMs), 3-31, 
10-42 
FDC NOTAMs, 3-31 
NOTAM(D), 3-31 
NOTAM(L), 3-31 
Occluded Fronts, 9-21 
Operations specifications, 13-18 
Other Airspace Areas, 3-27 
Overlay GPS approach, 8-56, 8-63 
Oxygen System, 11-22 
aviator’s breathing oxygen, 11-30 
chemical oxygen generator, 11-28 
continuous flow, 11-22, 11-23 
diluter-demand, 11-22, 11-26 
oronasal rebreather mask, 11-24 
oxygen cylinder, 11-28 
oxygen duration chart, 11-29 
pressure-demand, 11-22, 11-26 
quick-donning mask, 11-26 
Ozone layer, 9-3 
Parachute jump aircraft area, 3-27 
Parallel (dependent) ILS approach, 
8-41 
Parasite drag, 12-13 
Partial Panel 
climb, 2-50 
descent, 2-50 
straight-and-level flight, 2-47 
turns, 2-49 
unusual attitude recovery, 2-56 
Partial power loss, 13-10 
Performance 
braking effectiveness, 12-52 
charts, 12-54 
climb, 12-56 
cruise, 12-59 
density altitude, 12-47 
descent, 12-64 
endurance, 12-60 
glide, 12-66 
humidity, 12-49 
landing distance, 12-64 
range, 12-60 
runway conditions, 12-51 
stall speed, 12-67 
takeoff, 12-55 
weight, 12-51 
Personal computer-based aviation 
training device (PCATD), 1-13, 
2-63 
Personal minimums checklist, 10-20 
Phantom VOR, 2-78, 8-71 
Physiology, 1-31, 1-41 
alcohol, 1-31, 1-56 
decompression sickness, 1-31, 1-50 
drugs, 1-31, 1-56 
fatigue, 1-31, 1-55 
high altitude training, 1-31, 1-50 
hyperventilation, 1-31, 1-52 
hypoxia, 1-31, 1-46 
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I’m Safe Checklist, 1-31, 1-56 
stress, 1-31, 1-55 
Pilot flying (PF), 13-19 
Pilot nav SID, 4-5 
Pilot not flying (PNF), 13-19 
Pilot weather report (PIREP), 9-66 
Pilot’s operating handbook (POH), 
12-53 
Pilot-controlled lighting, 3-15 
Pilot-in-command responsibility, 
IEI IRES TVORIT 
Pitch Control 
straight-and-level flight, 2-33 
iquiseey, Aa) 
Pitch instruments, 2-31 
Pitot-Static System, 2-15 
blockage, 2-23 
check, 2-2 
failure, 2-51 
instruments, 2-15 
Plan view, 7-9, 7-25 
Planform, 12-9 
Position 
determining with VOR, 2-64 
Position reports, 5-27 
Positional awareness, 10-29 
Post, Wiley, 1-5 
Power Control 
straight-and-level flight, 2-35 
turns, 2-40 
Precession, gyroscopic, 2-5 
Precipitation, 9-9 
Precision approach, 7-2 
Precision approach path indicator 
(PAPI), 3-13 
Preferred IFR route, 10-38, 3-30 
Preflight Check 
airspeed indicator, 2-18 
altimeter, 2-21 
gyro instruments, 2-10 
vertical speed indicator, 2-22 
weather briefing, 9-104 
Preignition, 11-10 
Pressure 
altitude, 2-19 
atmospheric, 9-4 
gradient force, 9-5 
Pretakeoff check, 2-11 
Prevailing visibility, 9-46, 9-60 
Primary Instruments, 2-31 
altimeter, 2-39 
heading indicator, 2-34 
power, 2-45 
Procedure turn, 7-9, 8-11 
Profile view, 7-12 
Prohibited area, 3-26 
Propeller 
blade angle, 11-15 
efficiency, 12-18 
pitch angle, 11-15 
Pulsating approach slope indicator 
(PLASI), 3-12 
Radar 
airborne, 9-116 
departure, 4-17 
summary chart, 9-83 
weather, 9-113 
Radar Service 
basic, 3-48 
class B, 3-49 
class C, 3-49 


TRSA service, 3-48 
Radar Vectors, 7-42, 8-14 
GPS, 8-69 
to ILS final, 8-39 
Radar weather report (SD), 9-65 
Radio Magnetic Indicator (RMI), 2-69 
flying DME arc, 2-73 
Rain, 9-9 
Range, maximum, 12-16 
Rate information, VSI, 2-21 
Rate of turn, 2-36 
Readback, 3-65, 10-22 
Receiver autonomous integrity 
monitoring (RAIM), 2-79, 8-59 
Relative bearing, 2-68 
Relative humidity, 9-8 
Relative wind, 12-4 
Release time, 3-65 
Reporting Procedures 
compulsory reporting point, 5-27 
nonradar, 5-27 
position reports, 5-27 
radar/nonradar, 5-27 
Resource use, 1-31, 1-38, 10-23, 13-23 
Restricted area, 3-26 
Reverse sensing, 8-24 
Rigidity in space, 2-4 
Rime ice, 9-50 
Risk elements, 10-16 
RNAV, see Area Navigation 
Runway 
blast pad/stopway areas, 3-5 
closed, 3-6 
displaced threshold, 3-5 
gradient, 12-51 
incursion avoidance, 3-7 
markings, 3-2 
nonprecision, 3-3 
precision, 3-4 
visibility value, 4-13 
visual, 3-2 
Runway Lighting 
centerline lights (RCLS), 3-15 
displaced threshold lights, 3-13 
edge lights, 3-13 
land and hold short lights, 3-15 
pilot-controlled, 3-15 
runway alignment indicator lights 
(RAIL), 3-9 
runway end identifier lights 
(REIL), 3-10 
sequenced flashing lights (SFL), 
3-9 
threshold lights, 3-13 
touchdown zone lighting (TDZL), 
3-15 
Runway Visual Range (RVR), 4-13, 
7-17, 9-60 
approach minimums, 7-17 
Safety Alert 
aircraft conflict alert, 3-45 
obstruction alert, 3-45 
terrain alert, 3-45 
Safety pilot, 10-21 
Safety switch, 11-48 
Satellite weather pictures, 9-85 
Scan of instruments, 2-28 
Scanning Errors 
emphasis, 2-30 
fixation, 2-30 
omission, 2-30 
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Sea breeze, 9-6 
Sensor final approach waypoint, 8-60 
Service ceiling, 11-12, 12-32, 12-58 
Severe weather outlook chart, 9-95 
Severe weather watch bulletin (WW), 
9-76 
Short-field approach and landing, 
14-8 
Short-field takeoff and climb, 14-6 
Sidestep maneuver, 7-16, 7-53 
SIGMET (WS), 9-108 
Simplified directional facility (SDF) 
approach, 8-47 
Simulator, flight, 1-13 
Simultaneous (independent) parallel 
ILS approach, 8-42 
Simultaneous close parallel ILS 
approach, 8-43 
Simultaneous converging instrument 
approach, 8-44 
Single-pilot IFR, 10-20 
Situational Awareness, 1-31, 1-40, 
10-27, 13-27 
controlled flight into terrain, 1-31, 
1-41, 13-27 
visualization, 10-27 
Skin friction drag, 12-15 
Slats, 12-8 
Slipping/skidding turns, 2-10, 12-36 
Slots, 12-8 
Smog, 9-49 
Smoke, 9-48 
Snow, 9-10 
Soft-field approach and landing, 14-4 
Soft-field takeoff and climb, 14-2 
Solar heating, 9-3 
Spatial disorientation, 1-31, 1-44, 
10-17 
Special emergency, 10-3 
Special Use Airspace, 3-26, 5-32 
alert area, 3-26 
controlled firing area, 3-26 
military operations area (MOA), 
3-26 
national security area (NSA), 3-27 
prohibited area, 3-26 
restricted area, 3-26 
warning area, 3-26 
Special VFR, 3-24 
Speed 
limits, 3-26 
maximum level flight, 12-19 
of sound, 2-17 
Spins, 12-39 
causes, 12-40 
phases, 12-40 
Spiral instability, 12-30 
Spoilers, 12-17 
Squall line, 9-33 
Stability, 12-23, 9-10 
center of gravity, 12-27 
damping, 12-24 
directional, 12-29 
Dutch roll, 12-30 
dynamic, 12-24 
lateral, 12-27 
longitudinal, 12-25 
spiral instability, 12-30 
static, 12-24 
tail-down force, 12-26 
Stable air characteristics, 9-13 


Stagnant hypoxia, 1-31, 1-49 
Stalls, 12-36, 12-37, 2-56 
accelerated, 12-38 
causes, 12-36 
crossed-control, 12-38 
elevator trim, 12-38 
power-off, 12-37 
power-on, 12-37 
secondary, 12-38 
stall speed, 12-67 
Stand alone GPS approach, 8-58, 8-66 
Standard alternate minimums, 7-22 
Standard datum plane, 2-19 
Standard Instrument Departure (SID), 
4-3. 4-15 
minimum climb gradient, 4-4 
pilot nav, 4-5 
vector, 4-6 
Standard takeoff minimums, 4-13 
Standard Terminal Arrival Route 
(STAR), 6-3 
descend via. 6-12 
minimum crossing altitude, 6-9 
transition, 6-4 
vertical navigation planning, 6-6 
Standard-rate turn, 2-8. 2-36 
Static stability, 12-24 
Station model. 9-81 
Station Passage 
ADF, 2-72 
VOR, 2-67 
Stationary front, 9-21 
Steep turns, 14-11, 2-40 
Stepdown fix, 7-14, 8-13 
Sterile cockpit rule, 13-21 
Straight-and-Level Flight, 12-31, 2-33 
bank control, 2-34 
partial panel, 2-47 
pitch control, 2-33 
power control, 2-35 
Straight-in (NoPT) ILS approach, 8-33 
Straight-in approach, 7-40 
Straight-in landing minimums, 7-38 
Stratosphere, 9-3 
Stratus clouds, 9-14 
Stress, 1-31, 1-55 
Structural icing, 9-50 
Supercooled water, 9-9 
Supplemental oxygen, 1-31, 1-50 
Supporting instruments, 2-32 
Surface Analysis Chart, 9-80 
station model, 9-81 
Surface friction, 9-6 
Surveillance approach, 10-9 
Survival kit, 13-11 
Sweepback, 12-12 
Swept wings, 12-28 
Systems and equipment 
malfunctions, 13-9 
Tachometer, 2-45 
Tail-down force, 12-26 
Takeoff and alternate minimums, 
4-13, 4-14, 7-22 
Takeoff and landing distances, winds, 
12-49 
Takeoff minimums, 4-13 
Taper, wing, 12-11 
Taxiway Lighting 
centerline lights, 3-15 
edge lights, 3-15 
lead-off lights, 3-15 


Taxiway markings, 3-4 
Telephone information briefing 
service (TIBS), 9-105 
Temperature lapse rate, 9-3 
Temporary flight restrictions, 3-27 
Terminal aerodrome forecast (TAF), 
9-68 
Terminal doppler weather radar 
(TDWR), 9-45 
Terminal facilities, 3-46 
Terminal radar service area (TRSA), 
3-27 
Terminal VORs, 2-75 
TERPs, 4-3 
Thermosphere, 9-3 
Threshold crossing height (TCH), 7-12 
Thrust, 12-18 
Thunderstorm, 9-29 
airmass, 9-32 
avoidance, 9-35 
embedded, 9-30 
frontal, 9-33 
severe, 9-32 
squall line, 9-33 
Time and distance to station, 2-66 
Time of useful consciousness, 1-31, 
1-48 
Time to Station 
ADF, 2-71 
VOR, 2-66 
Timed approaches from a holding fix, 
7-46 
Timing, approaches, 8-9 
Tornado, 9-33 
Total drag, 12-15 
Touchdown zone elevation (TDZE), 
7-12 
Tower enroute control (TEC), 3-64 
Tracking 
ADF, 2-70 
VOR, 2-64 
Traffic advisories, 3-49 
Trailing edge flaps, 12-7 
Transcribed weather broadcast 
(TWEB), 9-112 
Transition route, 4-5, 6-4 
Trend information, VSI, 2-21 
Trim, 2-31, 2-34 
Tropical weather, 9-10 
Tropopause, 9-3, 9-97 
Troposphere, 9-3 
TRSA service, 3-48 
True altitude, 2-19 
TSO C-129, 8-58 
Turbocharging, 11-11 
critical altitude, 11-13 
overboost, 11-13 
Turbulence, 9-35 
clear air, 9-38 
convective, 9-36 
frontal, 9-37 
jet engine blast, 9-38 
jet stream, 9-39 
low-level, 9-35 
mechanical, 9-36 
mountain wave, 9-41 
reporting, 9-42 
wake, 9-37 
wind shear, 9-43 
Turn Coordinator, 2-9 
supporting bank instrument, 2-34 
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Turn-and-slip indicator, 2-9 
Turning error, magnetic compass, 2-14 
Turns, 12-33 
adverse yaw, 12-36 
bank control, 2-36 
climbing and descending, 2-45 
coordination, 12-35 
load factor, 12-34 
partial panel, 2-49 
pitch control, 2-39 
power control, 2-40 
radius, 12-35 
rate, 2-36, 12-35 
roll-out, 2-38 
slipping/skidding, 2-10, 12-36 
standard-rate, 2-8, 2-36 
steep, 14-11, 2-40 
Uncontrolled airspace, 3-25 
Unstable air characteristics, 9-13 
Unusual Attitude Recovery, 2-53 
partial panel, 2-56 
Urgency, 10-2 
V-speeds, 2-17 
Vector SID, 4-6 
Vertical guidance, VOR/DME RNAV, 
8-72 
Vertical navigation planning, 6-6 
Vertical Speed Indicator (VSI), 2-21 
check, 2-22 
malfunctions, 2-24 
Vestibular disorientation, 1-31, 1-45 
VFR Weather Minimums 
controlled airspace, 3-17 
uncontrolled airspace, 3-25 
VFR, see Visual flight rules 
Victor airways, 3-23, 5-3, 5-6 
Virga, 9-9 
Visibility, 9-60 
flight, 9-46 
low, 9-46 
prevailing, 4-13, 9-46, 9-60 
restrictions to, 9-47 
runway visibility value, 4-13 
runway visual range, 4-13, 9-60 
Visual approach, 3-63, 7-56 
Visual Approach Slope Indicator 
(VASI), 3-11, 7-48 
tri-color VASI, 3-13 
Visual descent point (VDP), 7-14 
Visual Flight Rules (VFR), 1-11 
cloud clearances, 3-25 
departure, 4-19 
VFR on top, 3-60 
Visual Glide Slope Indicator, 3-11 
PAPI, 3-13 
PLASI, 3-12 
tri-color VASI, 3-13 
VASI, 3-11 
Visual meteorological conditions 
(VMC), 1-11 
Visualization, 10-27 
Volcanic ash, 9-49 
Volcanic ash forecast and dispersion 
chart (VAFTAD), 9-98 
VOR, 2-60 
check, 2-76 
checkpoints, 2-76 
frequencies, 2-75 
identification, 2-77 
low and high altitude, 2-75 
maintenance, 2-77 
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phantom, 2-78, 8-71 
standard service volume, 2-75 
station passage, 2-67 
symbol, 5-5 
test facility (VOT), 2-76 
time to station, 2-66 
VOR Approaches 
off-airport facility, 8-3 
on-airport facility, 8-9 
VOR/DME, symbol, 5-5 
VOR/DME approach, 8-12 
VOR/DME RNAV, 8-71 
approaches, 8-71 
course line computer, 8-71 
vertical guidance, 8-72 
Wake turbulence, 9-37 
Warm front occlusion, 9-21 
Warm fronts, 9-20 
Warning area, 3-26 
Waypoint sequencing, GPS, 8-62 
Weather Briefings 
abbreviated, 9-105 
outlook, 9-105 
standard, 9-105 
Weather Advisories 
hurricane advisory, 9-75 
severe weather watch bulletin, 9-76 
Weather Forecasts 
aviation area forecast, 9-71 
convective outlook, 9-75 
forecast winds and temperatures 
aloft chart, 9-96 
high-level significant weather prog 
chart, 9-94 
severe weather outlook chart, 9-95 
terminal aerodrome forecast 
(TAF), 9-68 
U.S. low-level significant weather 
prog chart, 9-92 
volcanic ash forecast transport 
and dispersion chart, 9-98 
winds and temperatures aloft 
forecast (FD), 9-74 
Weather radar, airborne, 9-116 
Weather Reports 
aviation routine weather report 
(METAR), 9-58 
composite moisture stability 
chart, 9-86 
composite radar image, 9-85 
non-routine (special) aviation 
weather report (SPECI), 9-59 
observed winds and temperatures 
aloft chart, 9-91 
PIREP, 9-66 
radar, 9-65 
radar summary chart, 9-83 
satellite weather pictures, 9-85 
surface analysis chart, 9-80 
tropopause data chart, 9-97 
weather depiction chart, 9-82 
Weight, 12-21 
effect on performance, 12-51 
Weight and Balance 
arm, 12-80 
basic empty weight, 12-79 
basic operating weight, 12-86 
center of gravity, 12-75 
computation method, 12-82 
empty weight center of gravity, 
12-79 
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equipment list, 12-79 
graph method, 12-85 
licensed empty weight, 12-79 
maximum landing weight, 12-73 
maximum ramp weight, 12-73 
maximum takeoff weight, 12-73 
maximum weight, 12-73 
maximum zero fuel weight, 12-75 
moment, 12-75 
moment index, 12-81 
payload, 12-86 
reference datum, 12-75 
report, 12-78 
table method, 12-86 
useful load, 12-79 
weight shift formula, 12-88 
Wind, 9-4, 9-5 
demonstrated crosswind 
component, 12-50 
land and sea breeze, 9-6 
takeoff and landing distances, 
12-49 
Wind Correction, 2-64, 2-70 
DME arc, 2-74 
Wind Shear, 9-43 
Winds and temperatures aloft forecast 
(FD), 9-74 
Wing 
aspect ratio, 12-11 
planform, 12-9 
slats, 12-8 
slots, 12-8 
sweep, 12-12 
taper, 12-11 
Winglets, 12-13 
Wingtip vortices, 12-9, 9-37 
Workload management, 1-31, 1-40, 
10-24, 13-24 
prioritizing, 10-25, 13-26 
WX BRIEF, 9-104 
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The NOTAMs Section is designed to inform you of recent developments that could affect your training. 


USE OF GPS AS A SUBSTITUTE 
FOR ADF AND DME 


The FAA has issued a NOTAM which clarifies the authorized uses of GPS in the U.S. National Airspace 
System (NAS). The guidance is intended to amplify the information contained in AC 90-94, Guidelines for 
Using Global Positioning System Equipment for IFR Enroute and Terminal Operations and for Nonprecision 
Instrument Approaches in the U.S. National Airspace System. 


When flying under IFR in the U.S. NAS, your aircraft is required by FAR 91.205 to be equipped with 
“navigational equipment appropriate to the ground facilities to be used.” In addition to conventional VOR, 
ADF, and/or DME equipment, you are also authorized to use an area navigation (RNAV) system which 
provides navigational performance equivalent to ADF, and/or DME equipment. A properly installed IFR- 
certified GPS navigation device, when operated in accordance with AC 90-94 and any applicable NOTAMs, 
provides navigational performance equivalent to ADF or DME equipment except for flying non-GPS over- 
lay NDB instrument approach procedures. You may now use GPS avionics approved for terminal IFR oper- 
ations in place of ADF and DME for the following operations: 


e Determining the aircraft position over a DME fix, such as an intersection 

e Flying a DME arc 

e Navigating to/from an NDB 

e Determining the aircraft position over an NDB 

e Determining the aircraft position over a fix made up of a crossing NDB bearing 

e Holding over an NDB 

The above operations are authorized for properly installed GPS avionics approved for IFR terminal 
operations, including multi-sensor systems which actively employ GPS as a sensor. For air carrier opera- 
tions, the use of GPS must be approved in the air carrier’s operations specifications. Other requirements, 


which must be followed by all users, include: 


e Waypoints, fixes, intersections, and facility locations to be used must be retrieved from a current GPS 
airborne database. 


e The GPS must be operated within the guidelines contained in the AFM, Flight Manual Supplement, 
o7 AOE 


e The CDI must be set to terminal sensitivity when tracking GPS course guidance in terminal areas. 


e The required integrity for these operations must be provided by RAIM or an equivalent method. 


" 
rh 
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Although instrument charts will not change to reflect the new authorized operations, charted requirements 
for ADF or DME can typically be met using GPS. The only exception is for approach procedures which are 
not retrievable from the airborne GPS database. Generally, you may use GPS as a substitute for the NDB or 
DME ground facility which supports the charted requirement even if the ground facility is 
temporarily out of service. Nevertheless, this approval does not alter the conditions and requirements for 
use of GPS to fly existing nonprecision instrument approach procedures as defined in the GPS approach 
overlay program. Interim procedural guidance will be included in NOTAMs until the new AC 90-94 or the 
next issue of the AIM are published. For specific procedures related to your GPS system, you should refer 
to the associated AFM, Flight Manual Supplement, or POH. 


This information affects several areas of coverage in the Instrument/Commercial Manual. These include 
portions of Chapter 2, Section C — Instrument Navigation, Chapter 5, Section B — Enroute Procedures, and 
Chapter 8, Section C — GPS and RNAV Approaches. 


Introducing Jeppesen Flight Bags 


THE CAPTAIN FLIGHT BAG 


The Jeppesen Captain Flight Bag is the most versatile bag available. The headset 
bags can be removed and attached together to form a dual headset bag. The 
removable Transceiver/GPS bag can be worn on your belt. The flexible design 
allows you to add or subtract components to match your flying needs. The roomy 
interior has a 4-way custom divider that can hold four Jeppesen binders. An 
exterior zippered pocket provides a convenient storage space to help pilots 
organize their supplies. Two large zippered storage pockets can hold glasses, 
charts, pilot operating handbooks and other miscellaneous accessories. Carry your 
supplies in comfort with a wide cushioned shoulder strap. 12°x22'/.°x8” 


THE CAPTAIN FLIGHT BAG (BLACK) 
ITEM NUMBER JS621214 $149.95 


THE NAVIGATOR FLIGHT BAG 


The Navigator Flight Bag includes all of the features and benefits of the Captain Flight 
Bag, except the removable Transceiver/GPS bag and the two zippered exterior storage 
pockets. Instead, it includes two exterior pockets for easy access to sectional and world 
aeronautical charts. 12°x22'/2.°x8” 


THE NAVIGATOR FLIGHT BAG (stack) 
ITEM NUMBER JS621213 $99.95 


THE PROTECTOR HEADSET BAGS 


The Protector Headset Bags are constructed of fully padded 600 denier poly for extra 
protection. Each bag comes with its own snap-on handle grip for comfort. Large 
enough to fit the ANR headsets (12°x27/.°x8"). Offered in both a single and dual 
configuration. Designed to fit the Core Captain Flight Bag. 


THE PROTECTOR HEADSET BAGS (BLACK) 
SINGLE JS621220 $17.95 
DUAL JS621219 $34.95 


THE STUDENT PILOT FLIGHT BAG 
The Student Pilot Flight Bag is designed for new student pilots. Numerous outside pockets 
will organize charts, flight computer, fuel tester, plotter, pens and pencils, flashlight and much 
more. Additional features include a wide removable shoulder strap for comfort and a 
reinforced bottom. 10°x5'/;°x177 


THE STUDENT PILOT FLIGHT BAG (BLACK) 
ITEM NUMBER JS621212 $39.95 


JEPPESEN FLASHLIGHT KIT 

Made of a space-age polycarbonate that is watertight and guaranteed against 
breakage. Its unique nonincendiary design is safe in hazardous explosive 
environments such as checking aircraft fuel levels at night. Easily switches from a 
clear lens to the new narrow band blue/green filter lens for protected night vision 
and outstanding chart legibility. Flight-ready with two AAA batteries included. 


JEPPESEN FLASHLIGHT KIT 
ITEM NUMBER JS404500 $17.95 


VISIT YouR JEPPESEN DEALER OR CALL 1-800-621-5377 
MAKE SURE TO CHECK OUT OUR WEB PAGE AT HTTP:?//WWW.JEPPESEN.COM 
PRICES SUBJECT TO CHANGE. 


Tired of adding the mouse pointer to your instrument scan? With the Windows 95 FS-200, you can stow that mouse and 
focus on real flying. Our Basic Package at only $924.95 includes a realistic control console, rudder pedals, and yoke so you 
can fly your simulator just like you fly an aircraft, with your hands on the controls rather than on a keyboard or mouse. 
Our competition will ask you to spend over twice as much for the same realism. 


Experience the challenge of the world’s most difficult approaches right on your own PC. Unlike other PC-based simulators 
on the market, the FS-200 comes with a full worldwide Jeppesen NavData database at no extra charge. 


Someday real flying may be as easy as a video game, but until then save your mouse and keyboard skills for the office. 


NEW! CESSNA 172 PANEL AND FULL WORLDWIDE DATABASE INCLUDED! 


* True 32-bit Windows 95 application * Super-realistic instrument failures * 1024 x 768 resolution panel 
e Full width out-the-window view * On-screen help menu ° Flexible and powerful map screen * Practice with actual ATC clearanees — 
° Variable ceilings, weather and visibility e Two versions of Bones 36 panel 


Basic Package J7203010 $924.95 (shown at right 7 . woe 


Advanced Package FS-200AC FAA Approved Package aL —— 
(Cirrus yoke and console with (Call for details) .— — Y 
Lop A JT203030 $3,099.00 . > 
JT203020 7 ; ; a - Í G f 

Minimum System Requirements: IBM or compatible PC using a Pentium 100MHz processor Windows 95, i i B | r ~ 


24 MB system RAM, 20 MB of hard drive space, 15” SVGA monitor, 2 MB video RAM, color SVGA card-and 
Soundblaster-compatible sound card 


VISIT YOUR JEPPESEN DEALER OR CALL 1-800-621-5377 


HECK OUT OUR WEB PAG AT HTTP://WWW.JEPPESEN.COM 


TECHSTAR PRO 


JEPPESEN’S “NEXT GENERATION” Pilot HT lies 
AVIATION COMPUTER 


Jeppesen’s innovative TechStar Pro is the first handheld flight computer and 
personal organizer. Combining the latest technology and ease of use, TechStar Pro 
gives you a 7-function aviation computer and an 8-function personal organizer. 

All-in-one compact handheld unit. Students to Airtine Transport Pilots, use it 
in the cockpit, home, office or classroom. 


TECHSTAR PRO 


ITEM NUMBER JSS505000 $149.95 


FUEL TESTER 


The last fuel tester you’ll ever need! Strong, clear butyrate plastic resists cracking, breaking and yellowing. Works 
with both pin and petcock actuators. Removable splash guard prevents fuel spillage and attaches to side for flat, 
slimline storage. Solid bronze rod actuator prevents breaking and pushing down. Measures 8.25” x 3.257 x 1”. 
PW TESTER 

ITEM NUMBER JS62Z28855 $12.95 


JEPPSHADES 


IFR FuIP-UP TRAINING GLASSES 


e Replaces bulky, hard-to-use instrument training hoods ¢ Improved design allows better 
student/instructor interaction * Cockpit proven design works conveniently under headsets 
e Universal adjusting strap reduces pressure on ears and temple ¢ Velcro™ strap fits 
comfortably under headsets * Flip-Up lens allows convenient IFR/VFR flight transition 
e High quality polycarbonate lens is impact resistant 


JEPPSHADES v 
ITEM NUMBER JS404311 $24.95 


THREE-RING TRIFOLD KNEEBOARD 


e Great for holding approach charts * Valuable IFR flight information on 
clipboard (also available separately) * Includes three approach chart pockets 
e Features collapsible rings * Elastic, pen/pencil and penlight holder 

e Includes Free U.S. Low Flight Planning Chart! e Measures 10" x 20" open 


KNEEBODARD/CLIPBOARD 
ITEM NuMBER JS6GZ6010 $39.95 


CLIPBOARD ONLY 
ITEM NUMBER J5626011 $14.95 


VISIT YOUR JEPPESEN DEALER OR GALL 1-800-621-5377 
MAKE SURE TO CHECK OUT OUR WEB PAGE AT HTTP://WWW.JEPPESEN.COM 
PRICES SUBJECT TO CHANGE. 


Aviation Weather Text 


WINNER OF THE 1996 EXCELLENCE AWARD IN 
INTERNATIONAL COMPETITION BY THE SOCIETY OF 
TECHNICAL COMMUNICATION 


The most comprehensive aviation weather book ever published. Four hundred ten information-packed 
pages, and more than 300 full-color illustrations, presenting detailed material in an uncomplicated way. 
Includes new TAF and METAR information. Whether you have 10 or 10,000 hours, you’ll gain a new 
understanding of the environment you fly in. 


AVIATION WEATHER TEXT 
ITEM NUMBER JS319007 45.95 


JEPPESEN 
Tealing Prodecte 


By Petet F. Lester 


FAR/AIM Manual and GD ROM 


FAR/AIM MANUAL 

This manual is an excellent study or reference source. Complete pilot/controller 
glossary. Changes conveniently indicated. Includes FAR parts 1, 43, 61, 67, 71, 73, i 
91, 97, 119, 125, 133, 135, 141, 142, HMR 175 and NTSB 830. Uses special study į 
lists to direct students to the appropriate FARs. Check student’s understanding of | 
FARs with exercise questions tailored for Private, Instrument, Commercial, and h 
Helicopter. FREE one time update on FAR/AIM changes. 


ESEN. 
SJEPeeRae 


FAR/AIM MANUAL 
ITEM NUMBER JS314125 $14.95 


FAR/AIM CD ROM 

Contains the same features of the manual but in a browseable CD-ROM format. 
Search by part, chapter, word, or phrase. Included with the revision service 

is the initial CD-ROM and two additional updates. System requirements: PC 


- with 486 or faster processor, 2x CD-ROM drive, Windows 3.1 or Windows 95. 
FliteLog., Logbook coca 
® ITEM NUMBER JSZ06350 $19.95 


FAR/AIM REVISION SERVICE 
ITEM NUMBER JSZ206343 $57.95 


“d % FAR/AIM BOOK AND CD-ROM PACKAGE 
F ITEM NUMBER JSZ06360 $29.95 


FLITELOG LOGBOOK 


7 Top Rated Computer Logbook — Runs on both IBM and Macintosh 
FliteLog gives you excellent flexibility with a traditional paper logbook feel (modeled after 

our Professional Pilot Logbook). FliteLog is shipped with common, predefined columns to 
get you going fast while also giving you the benefit of adding your own columns, changing 
column widths and column headings. You even have the option to hide or view columns. The 
Automatic Currency reminder ensures you will not overlook important currency requirements 
such as flight experience and medical requirements. FliteLog’s pilot profile feature makes it 
easy for you to make timely logbook entries and helps you keep on top of your record keeping. 


FUTELOG (MACINTOSH) FuTELOG (WINDOWS) 
ITEM NUMBER JM301590 $89.00 ITEM NUMBER JM301592 $89.00 


VISIT YOUR JEPPESEN DEALER OR CALL 1-800-621-5377 
MAKE SURE TO CHECK OUT OUR WEB PAGE AT HTITP://WWW.JEPPESEN.COM 
PRICES SUBJECT TO CHANGE. 


JS314520-000 
ISBN 0-88487-252-1 
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Jeppesen Sanderson, Inc. 
www.jeppesen.com 
55 Inverness Drive East 
Englewood, CO 80112-5498 
ISBN 0-88487-252-1 


